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The object above is a bug—a tiny microphone that can be 
hidden almost anywhere. It is but one ina startling arse- 
nal of devices used today to spy on personal enemies, com- 
peting companies, and other world powers. Such devices 
played a major role in the recent spying controversy be- 
tween the United States and the Soviet Union. Much was 


written about the resultant diplomatic skirmish- 
ing. But little has been said about the devices 
themselves, their incredible capabilities, and the 


astonishing technology on IContimued'onpaged4] WHEHANMM 726597 
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SURGEON GENERAL S WARNING: Smoking 
Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


A SPA IS A SPA IS A SPA? 


A CONSUMER 
GUIDE 


If you've been considering a spa, you're probably 
already aware of the benefits and pleasures of 
whirlpool massage. However, not all spas are alike. 
The true test of any spa is whether it can provide 
these pleasures conveniently and efficiently. We'd 
like you to know what to look for when shopping for 
à spa and show you why the engineers who designed 


the HOT SPRING SPA® have produced the best spa. 


available today. 


1. FULLY WARRANTED MATERIALS AND 
CONSTRUCTION. 
The HOT SPRING SPA is made of the most advanced 
and durable material of any spa - ROVEL™ (A). 
Almost all leading manufacturers are turning 
toward this softly textured non-slip plastic 
because of its obvious superiority in si 
applications. Unlike fiberglass or acrylic surfaces, 
ROVEL won't peel, blister, crack, or delaminate. 
As a result, ROVEL is guaranteed to be much 
more durable than any other spa material. In 
fact, while most acrylic manufacturers have 
reduced surface warranties to just one year, 
HOT SPRING SPA has stood firm with a full five 
years' coverage. HOT SPRING SPA is the oldest 
and largest manufacturer of ROVEL spas in 
the world. 


2, CONVENIENCE AND EFFICIENCY. 

Most spas have very little thermal insulation, some 
have none at all! Just how important is insulation? 
It's the most important feature in private spa 
ownership! Uninsulated spas will physically not 
operate in colder climates, making spa use as 
seasonal as a swimming pool. Further, a marginally 
insulated spa forces the heater to run continuously, 
costing you money. Many manufacturers try to 
compensate for the lack of insulation and their 
inefficient "air blower" systems by offering gas, 
220v., or convertible heaters. While these options are 
viable in professionally installed, commercial or 
continuous use applications, they represent an 
unsafe, inconvenient, and costly alternative for 
residential use. The HOT SPRING SPA is filled SOLID 
with 130 Ibs. of polyurethane foam insulation (B) and 
includes a 314” thick insulating cover as standard 
equipment (C). This heavy insulation makes it 
economical to keep the 110v. HOT SPRING SPA 
heated to your desired temperature 24 hours a day, 
regardless of location. You can use your HOT 
SPRING SPA at any time, day or night, in ANY 
climate, and for just pennies. 


3. HYDROTHERAPY JETS. 

Vigorous jet action is the key to true hydrotherapy. 
Only the HOT SPRING SPA gives you the option of 
powerful fixed jets (22 p.s.i. at each jet) (D), and the 
unique stroking effects of the MOTO-MASSAGE™. 
The exclusive MOTO-MASSAGE JET pies 
gently up and then down the entire length of 
your back in a continuous sweeping motion (E). 
In addition, we provide a "warm air" control 
which can be reached from inside the cioe so you 
can vary the intensity of the jets (F). These 
features combined with the STA-RITE Max-E- 
Glas pump provide the best hydrotherapy 
available today. (G). 


4, WATER CHEMISTRY AND FILTRATION. 
Look for a large water capacity when shopping for a 
spa. Units that contain less than 180 gallons make it 
difficult to maintain proper water chemistry and 
require frequent draining. In addition, a larger capac- 
ity aids in heat retention, The HOT SPRING SPA con- 
tains over 325 gallons of water. Unlike many portables 
that have overlooked the value of good filtration, the 
HOT SPRING SPA features a huge 45 square foot filter 
(H). Because of its size, it requires attention only 2 to 
3 times per year. Its top loading design allows you to 
inspect, remove and clean it without draining the spa. 
5. SEATING AND LIGHTING. | 

The HOT SPRING SPA features a split level seating 
ring, built deep for comfortable reclining and total 
immersion (I). The barrier-free design eliminates the 
cramped, confined feeling of bucket seats, and 
allows you to move easily from fixed jets to moving 
jets or parts in between. The wide resting rim (J) 
provides an ideal perch for cooling off, or a safety 
bench for children. The HOT SPRING SPA also fea- 
tures an oversized underwater light with dimmer (K). 
Colored bulbs can be interchanged quickly and 
safely to create different effects. 

6 NO INSTALLATION. 

Simplicity of installation should be checked. An 
in-ground spa is the most difficult, requiring back- 
yard excavation, building permits and an expensive 
installation crew. Permanently wired 220v., and gas 
units are not much simpler, and completely elimi- 
nate the advantage of portability. The HOT SPRING 
SPA avoids these problems by requiring only com- 
mon household current to operate (110v. dedicated 
20 amp.) (L). Just fill it up and plug it in. Its unique 
“treated grid" system requires no specific foundation 
for set-up and, as a portable appliance, you can take 
the HOT SPRING SPA with you when you move. 


7. LISTED BY UNDERWRITERS 
LABORATORIES. 
The HOT SPRING SPA is completely listed by 
Underwriters Laboratories, the recognized experts in 
testing for safety. The importance of correct and safe 
electrical design should not be overlooked. Check 
for the U.L. Mark on the outside of any spa you're 
considering - you'll see it on the HOT SPRING SPA. 


We are proud of the quality features and 
performance we build into every HOT SPRING SPA. 
Each HOT SPRING SPA is an integrated design whose 
form follows function - the result of 10 years’ 
evolution toward an ideal. So, before you buy any 
spa by any other name, see and test the HOT 
SPRING SPA. It's not the same. 


pccTT 
YOU BETTER. 


Six models to choose from. Dealers nationwide. For a 
complete catalog and a dealer nearest you, please 
call: 800/243-9851. In California, call: 800/331-5832, 


WATKINS MANUFACTURING CORPORATION 
6225 El Camino Real, Carlsbad, CA 92008 
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Bugging 


An amazing arsenal of devices is 
used in the sinister business of 
electronic eavesdropping. PoPULAR 
SCIENCE takes a close look at these 
diminutive bugs and the prodi- 
gious technology on which they 
are based, and sheds some light 
on how they're used in the espio- 
nage war between the U.S. and the 
Soviet Union. Page 44 


Now: 4-wheel 
steering 


After years of development, four- 
wheel steering is finally here—in 
the 1988 Honda Prelude and Maz- 
da 626. We find advantages— and 
disadvantages—to each. Page 50 


Electro- 
magnetic guns 


Electromagnetic launchers that 
fire superfast projectiles often need 
room-filling power sources. Now, 
preparing for upcoming U.S. Army 
shoot-out tests, researchers from 
competing laboratories are creat- 
ing launchers compact enough for 


tanklike weapons. Page 54 


Step-up deck 


This deck not only adds an “out- 
door room" to the house, it ties 
together the house's staggered ar- 
chitectural elements and levels out 
an uneven yard that was unusable 
to boot. Build your own from the 


plans provided. Page 64 
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If you think the best way to pay for college is to 
n it off for a few years and join the military, you're 

alf right. 

Because with the New GI Bill, you can join the 
Army National Guard and get a guaranteed minimum 
of $18,000 for college. 

But best of all, you serve two days a month 
and two weeks a year. Which means you can go to 
school full-time. Right now. On us. 

So the question you have to ask yourself is not, 
can you afford college. 

The question is, can you afford to wait. 

For more information about the Army Guard and 
the New GI Bill, fill out the attached coupon and mail 
it in. Or call 800-638-7600* 

*In Hawaii: 737-5255; Puerto Rico: 721-4550; Guam: 477-9957; Virgin Islands (St. Croix): 
713-6438; New Jersey: 800-452-5794. In Alaska consult your local phone directory. 


MAIL TO: Army National Guard, P.O. Box 6000, Clifton, NJ 07015 
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| lutionize Auto Wiring" 


Readers Talk Back 


Smart circuits? No thanks! 


After reading "Smart Circuits Revo- 
[June], I’m not 
looking forward to the day when per- 
haps a dirty wiper on my steering 
rheostat or a computer malfunction 
suddenly steers my car into oncoming 
traffic. I like the feel of mechanical 


| continuity between my hands and the 
| pavement, despite the obvious hazard 


of the steering shaft in a front end 
collision. 
Robert Sihtala, Ishpeming, Mich. 


I was rather shocked to learn what is 
being planned for automobile wiring 
in the future. Do the people in De- 
troit actually expect something like 
that to work? I own a 1985 American 
Motors Corp. Eagle with a "keyless 
entry system" that seems to be a fore- 


| runner of what's to come. You point 


the key ring transmitter control at the 
receiver located above the windshield 
and press a button, and all of the doors 
instantly lock or unlock as desired. 
This is great until the weather gets a 
little below freezing and the system 
fails entirely. I hope Detroit checks fu- 
ture devices out better before they put 
any more on the market. 

Edwin D. Blair, Anchorage, Alaska 


Tax-funded white elephant? 


After reading the article on the pro- 
posed superconducting supercollider 
[June], I find myself asking: Would al- 
ternative approaches be developed if 
tax money was not available? After 
all, what practical benefits will the 
SSC provide? Are we going to spend 
$4.4 billion to find out? People need 
to be reminded that most of the im- 
portant scientific and engineering ad- 
vances of mankind are the product of 
diligent personal effort, as with Ein- 
stein and Edison, and are not the re- 
sult of taxpayer funding. 

Ralph C. Edwards, Portland, Ore. 


Reader Edwards’s question was ad- 
dressed on the first page of the article, 
but for another response, I quote from 
two letters sent to The New York 
Times, whose signatories include three 
Nobel laureates in physics: 

“The triumphs of the supercollider 


Address letters for this column to: Readers Talk Back, PoPULAR 
SCIENCE, 380 Madison Ave., New York, N.Y. 10017. We are 


| unable to acknowledge unpublished letters. 
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and other scientific initiatives, such as 
high temperature superconductors and 
the space telescope, will inspire more 
youngsters to become the scientists 
and engineers we need to arrest our 
technological decline and address the 
tough questions that the future holds.” 

And: “Long-term commitment for 
increased support of science is needed 
across the board. It is needed for ‘small 
science’ projects such as those that led 
to the transistor, the laser, and high- 
temperature superconductors as well as 
for the costly ‘large-scale’ projects, like 
the supercollider, that promise rich div- 
idends in increased understanding of 
our universe. —Arthur Fisher 


| Germs of superconductivity 


Recent breakthroughs in superconduc- | 


tor technology appear to be one of the 
hottest items in science [“Science 
Newsfront," June]. You state that 
Onnes’s 1911 investigations in this 
field were the first, but you may find 
it interesting to know that Nikola 
Tesla was concerned with low-resis- 
tance electrical circuits and proposed 
immersing them in “liquid air.” Tesla 
was awarded a patent in 1901 for 
“Increasing the Intensity of Electri- 
cal Oscillations.” Although Tesla was 
not a chemist and did not come up 
with new low-resistance materials, his 
pioneering of supercooled circuits as 
a means of improving the carrying ca- 
pacity of an electrical conductor may 
have spawned the germ from which 
superconductor science evolved. 


Harry Goldman | 


Tesla Coil Builders Assn. 
Glens Falls, N.Y. 


Which XL excels? 


I enjoyed the article “Minicar Inva- 
sion" [May] very much. However, I 
noticed you listed a car called the 
Hyundai Excel XL. I am aware of only 
the Hyundai Excel, Excel GL, and 
Excel GLS. Is the Excel XL a new 
model? 

Keith R. Dugas, New Orleans, La. 


After reading the May article on mini- 
cars, I visited a Hyundai dealer 
to price a Hyundai with automatic 
transmission, AM-FM radio, air con- 
ditioning, and power steering. I was 
informed that the automatic transmis- 
sion was only available in GL or bet- 

Continued 
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Why Passport is the most expensive* 
radar detector in the world 


Wat sets Passport above other detectors is 
the technical reach of our engineers, and their 
insistence on excellence at every design step. 
Road & Track called us “the industry leader in 
detector technology.’ Here’s why: 

Double-ridge waveguide: It was 
always taken as gospel that miniaturizing 
a detector would hurt performance. Passport 
proved this wrong. The miniaturized horn 
antenna feeds into a double-ridge waveguide. 
Dual compound chokes are required, and the 
notch filters are press fit to exact depth. The 
design process was incredibly complex. But the 
payoff is indisputable. Passport's performance 
is uncompromised by its discreet size. 

Rashid rejection: In another engi- 
neering first, our detectors have been made 
immune to ains signals transmitted by the 

Rashid VRSS 
collision 
warning Sys- 
tem. Other 

RASHID detectors pro- 
duce false alarms in the presence of Rashid. 
Our AFR™ (Alternating Frequency Rejection) 
circuitry isolates and neutralizes Rashid signals, 
yet leaves the radar detection capability un- 
diminished for your protection. 

X-K differentiation: Passport has 
separate warning tones to distinguish X-band 
from K-band. The difference is important. Traffic 
radar is just one of many transmitters assigned 
to X-band by the FCC. Motion detectors, burglar 
alarms and microwave door openers also share 
this frequency. When you hear the X-band 
warning, you respond accordingly. 

But just two transmitters operate on 
K-band — radar and Rashid. K-band radar s 
short effective range requires immediate response. 
Since our AFR circuitry rejects Rashid, Passport s 
K-band warning is positively radar, and you 
always know how to respond. 


© 1987 CMI 


Variable-rate warning: On radar 
contact, Passport's bar graph of eight Hewlett- 
Packard LEDs indicates radar strength, and you 
will hear the audible 
warning — pulsing 
slowly at first, quicker 
as you approach, then constant as you near 
effective radar range. Our engineers have 
preprogrammed the warning system to tell you 
everything you need to know about radar. 
Passport asks no further programming of you, 
unlike many lesser detectors. 

SMD circuitry: Passport's miniaturiza- 
tion was made complete by the use of SMD's 
(Surface Mounted Devices), micro-electronics 
common in satellites but long considered too 
exotic for radar detectors. SMD circuit boards 
also provide ruggedness unobtainable with 
conventional technology. 

Compact dimensions: Passport was 
designed to be the most discreet detector ever — 
only 0.75" H x 2.75" W x 4.50" L. On guard, 
it never draws attention to itself. 

Die-cast aluminum housing: The 
antenna is integrated into Passport s die-cast 
SAE 308 aluminum housing. This way no 
amount of abuse can ever shake the antenna 


Call Toll Free 800-545-1608 


(Phone Mon-Fri Sam-Ilpm, Sat & Sun 9:30-6 EST) 


PASSPORT 


PADAR-RECEIVER 


$295 (OH res, add $16.23 tax) 
Slightly higher in Canada 


Cincinnati Microwave 
Department 31687 
One Microwave Plaza 
Cincinnati, Ohio 45249-950 


loose, and Passport's precision electronics are 
protected by a rugged metal vault for durability 
under extreme conditions. 

Nextel finish: The alloy housing is 
finished in charcoal Nextel — a light-absorbing 
coating — to eliminate all possibility of reflec- 
tion and glare. 

Twin speakers: A fully adjustable 
volume control allows you to set the loudness 
of the audible warning from twin speakers. The 
warning tone is 1024 Hz, identical to that used for 
Morse code, for maximum clarity yet minimum 
annoyance. 

All accessories included: Passport 
comes complete with everything needed for 
installation in any car, including coiled cord, 
straight cord, 
windshield 
mount bracket, 
j visor mount 

; bracket, hook- 
and-loop fastener, lighter adapter, direct-wire 
power adapter, and comprehensive owners 
manual. A leather travel case is also included. 

Satisfaction guaranteed: We engi- 
neered Passport, we build it, and we sell direct 
to you. We take full responsibility for your 
satisfaction. If you're not completely satisfied 
within 30 days, return Passport. We'll refund all 
your money, including postage. 

Now...same-day shipping: Call us 
toll free with your questions. If you decide to 
buy, orders in by 3:00 pm eastern time Monday 
through Friday go out the same day by UPS, and 
we pay for shipping. Overnight delivery is guar- 
anteed by Federal Express for $10 extra. 

Passport's price reflects the exacting 
standards of our engineers... and of our 
customers. 


Based on lowest price offered for dash-mounted detectors 


in leading auto magazines. 
IAM DOIN 
SGQ0- 6HT - ZK1H 


| three-dimensional 


Readers Talk Back ......... 


ter lines, not the XL. In addition, I | Guruswamy, who says when discuss- 


was told that I would have to purchase 


for $1,300. By the time we added in 
all the extras, the total price was 
$10,500, almost double the price given 
in the article. In the future, I would 
appreciate a bit more realistic report- 
ing on your test car's options in order 
to make better price comparisons. 

Dominick DeCecco, Slingerlands, N.Y. 


The XL isn't a model per se. It's 
an option package that adds tinted 


| 


| an Environmental Protection Package | 


glass, body side trim moldings, and a | 


passenger-side rearview mirror to the 
basic Excel. This, plus the radio, were 
the only options on the car we tested. 

Packing an inexpensive car with op- 
tions is a constant problem, and one 
not limited to imports. It's also com- 
mon for car makers to bundle options, 
requiring you to buy power steering 
along with air conditioning, and so 
forth. That's why we're careful to list 
base price, option prices, and price as 
tested.—Tom Wilkinson 


Extreme exposure 


I read with much interest your May 
article "What? You Don't Own a Band 
Saw?" But as I viewed the photographs 
and figures, I noticed that the blade 
of the band saw was extremely 
exposed in some cases. I have been 
taught to expose only one inch of the 


ing his computer simulation of flow 
over a wing, "Our study wont replace 
a wind-tunnel test...” Indeed it wont 
—it can't! 
John M. Cimbala 
Asst. Prof., Mechanical Engineering 
The Pennsylvania State University 
University Park, Pa. 


There is no contradiction; the article 
never states that wind tunnels can be 
eliminated. Computer simulation gives 
aerodynamicists enough clues so that 
they can avoid dead-end designs and 
thereby reduce the number of redun- 
dant wind-tunnel tests.—Arthur Fisher 


No heat, clean water 
Clean Heat from Dirty Water [Oct. '86, 


| p. 45] suggests using the heat from 


blade above the material being cut. 


Am I wrong? 
Scott Gaddis, Murray, Ky. 


Reader Gaddis missed the all-caps 
notice on page 71 of the band-saw 
story: “FOR ALL WORK ALWAYS 
KEEP THE BLADE GUARD AS LOW 
AS POSSIBLE.” In our photos and 
sketches we kept it higher to demon- 
strate the various cuts.—Al Lees 


Computer vs. tunnel tests 


The May article "Supercomputers" 
contains a statement to the effect that 
the modeling of airflow over an air- 
planes wing can be performed in a 
half-hour at a cost of $1,000 in com- 
puter time. This statement is quite 
misleading because it gives the erro- 
neous impression that computers have 
eliminated the need for wind-tunnel 
or flight testing. This is just not 
so! No computer today has sufficient 
memory or speed to completely simu- 


late the highly complex, unsteady, | 


turbulent flow 


| over a wing at high speeds. Finally, 


later in the article, this statement is 
contradicted with the quote by G. P. 
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| The idea for using hinged rails to | 


waste water to preheat the potable 


water going to the water heater. How- | 


ever, using the waste water close to 
potable water is a potential cross con- 
nection. Should there be a crack in the 
polybutylene tubing, waste could be 
carried into the drinking water. Most 
plumbing codes require no intercon- 
nection of drinking water to the waste 


system. The two systems must be sep- | 


arated with a physical air gap. The 

potential contamination must over- 
shadow any heating savings. 

Paul H. Schwartz, PE. 

University of Southern California 

Los Angeles 


Easier fence widening 


create a temporary fence opening 
(“Wordless Workshop," June] was 
good, but I found an even easier and 
better method. Just trim one end of 
the horizontal rails about two inches 
and cut back a bit on their shoulders. 
This allows the rails to be easily 


| moved back into one post hole and out 


of the other, creating an "invisible 
gate." 
Charles Gollehon, Omaha, Neb. 


Glowing lawn 


I enjoyed your April "Science News- 
front" item about splicing the gene of 
the lightening bug into the tobacco 
plant to make it glow, and had an 
idea of my own: If possible, splice the 
lightning-bug gene to common grass 
or other plants. A lawn that glows in 
the dark would cut down on the need 
for night lighting and possibly sun re- 
quirements. Besides, the novelty of it 
would be the talk of the town. 

H. C. Harper, Wadsworth, Ohio 
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TRODUCING A 
FULL-SIZE CHE 


Flush-mounted glass 
to reduce wind noise. 
For a quieter truck. 


More shoulder room, 
more total cab room 
than Ford. 


Two-sided galvanized 
steel rust protection 
front, sides and rear. 


Fuel-injected 454 
V8 available in 
one-ton models. 


Most V8 power and 
torque available in 
pickups under 

8,500 ibs. GVWR: the 
fuel-injected 350 V8. 


Massive new frame 
bigger and heavier 
than before. 


Shift-on-the-fly 
Insta-Trac standard 
on 4WD models. 
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1988 Chevy Extended Cab. More power under 
the hood, more room inside than Ford. 
Welcome to the roomiest, most powerful, half-ton extended- 
cab pickup* you can buy —the 1988 full-size Chevy. 

With the available fold-down rear seat, six adults 
can sit comfortably facing forward. There are new 60/40 
split front bench and new contoured buckets available. 
And behind all that room and comfort is the convenience 
ot a full 8-foot cargo box. 

Test drive this roomy, powerful new extension of 
E our lean new full-size Chevy. It's built new from the 
WT Eo inside out. To be a whole new animal. 
Bo HÀ deh Interior... SS T EN Excludes other GM products. 


TENDED. ! 


Full-size cargo box 
handles 4x8 paneling. 


Standard rear-wheel 
anti-lock brake 
system for stable, 
smooth stops. 
System operates in 
2WD only. 
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EE o. 
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Jess 


New rear suspension 
with longer leaf springs 


for a smooth ride. 


Best-backed Chevys ever. Every new light-duty Chevy truck is now backed GM | yÁ Tq f e 
by new 6-year/60,000-mile warranty protection and 6-year/100,000-mile And buckle up 
body rust-through protection. Solid proof of the confidence we have in See your Chevrolet dea a, 
the quality built into every new Chevy Pickup and Blazer. Sedaris oF thie ins E ea, 


conditions of the new limited warranty 
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By ARTHUR FISHER 


Superconductors gain 


The frantic competition to perfect su- 
perconducting materials (which lose 
all resistance to the flow of electric 
current at low enough temperatures) 
continues unabated [“Superconductor 
Frenzy,” July]. The photo dramatically 
demonstrates that new ceramic ma- 
terials do indeed go superconducting 
at temperatures much higher than 
dreamed of only a year ago. 

The picture was made at Argonne 
National Laboratory, in Argonne, Ill. 


A ceramic pellet of yttrium-barium- | 


copper oxide, one of the most promis- 
ing of the new and unorthodox mater- 
ials, has been chilled with liquid ni- 
trogen to a temperature of 77 degrees 


Kelvin, or — 321 degrees F, before being | 


| placed in the beaker, which is set atop 
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a magnet. The magnet induces super- 
conducting currents in the pellet, 
which in turn establish a counter- 
magnetic field. The result, as you can 
see, is that the pellet levitates. 
Before the rash of new discoveries, 
superconductivity could only be 
achieved at temperatures close to ab- 
solute zero, attainable only with liq- 
uid helium—expensive and tricky to 
work with. This limitation restricted 
superconducting applications to such 
rarefied uses as ultrasensitive scien- 
tific instruments and supermagnets 
for particle accelerators. The ability 
to operate with abundant, inexpensive, 
easy-to-handle liquid nitrogen opens 
the way to a flood of previously un- 
thinkable applications, from miniatur- 
ized computers to, possibly, loss-free 
electrical transmission and storage. 
Even in the first heady flush of dis- 
covery, however, questions remained 
about the usefulness of the new ma- 
terials. They were ceramics, not metals. 
In order to be practical 
for large-scale super- 
conducting applications 
—in large magnets, for 
example—they would 
have to be formable into 
wire that could conduct 
large amounts of cur- 
rent and also sustain 
large magnetic fields. 
(The superconducting 
effect is quenched by 
any of three factors as 
they reach critical level: 
temperature, mag- 
netic field inten- 


rent density.) 
The 
news is en- 
couraging. Re- 
searchers have 
been able to 
generate and sus- 
tain high magnetic 
fields in these materials 
at liquid-nitrogen tem- 


current-carrying wires. 


International Business 


peratures, and to form 


Last May, scientists at | 


sity, and cur- | 


latest | 


Machines Corp. announced that they 


| had developed a superconducting thin 


film capable of carrying a current of 
more than 100,000 amperes per square 
centimeter at 77 K. This critical cur- 
rent is adequate for “most foresee- 
able applications," according to the 
IBM statement. The development, 
IBM stated, "more widely opened the 
door to applications such as electronic 
devices, circuits and computer-chip 
interconnections, power transmission 
lines, electric motors, and electro- 
magnets." 


Predicting volcanoes 


Two scientists at the Los Alamos Na- 
tional Laboratory, in Los Alamos, N.M. 
have been collecting data on volcanoes 
that they believe may someday be use- 
ful in predicting dangerous eruptions. 

Bruce Crowe and Dave Finnegan, 
both of the Laboratory's Isotope Geo- 


chemistry Group, use a device, in- | 


vented by Finnegan, that collects and 
analyzes gases and particles vented 
from two active volcanoes: Kilauea 
and Mauna Loa on Hawaii. Both are 
known as living laboratories for vol- 
canologists because of their frequent 
well-documented eruptions. The scien- 
tists examine samples for minute quan- 
tities of trace elements such as gold, 
platinum, and iridium. Small varia- 
tions in the presence of these elements 
over a period of several days could her- 
ald an imminent eruption, because 
they could indicate that molten rock 
—magma—was moving into the vol- 
canic system. 

Inside the collection device, which 
is mounted on the end of a long pole, 
the trace elements are trapped on 
filters. These are brought to Los Ala- 
mos, where they are subjected to a 
highly sensitive procedure called neu- 
tron activation analysis. “The tech- 
nique is so sensitive that it can give 
you a whole spectrum—thirty or more 
elements at a time—even at levels of 
parts per billion,” says Finnegan. The 
device can be used near vents, rather 
than in them, making it safer for re- 
searchers working in the steamy, cor- 
rosive environment of active volcanoes. 

Continued 


Chilled to liquid-nitrogen temperature, superconductive 
ceramic material levitates above a magnet in a demon- 
stration at Argonne National Laboratory. Superconduc- 
tive currents generate an opposing magnetic field. 
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When ESCORT was introduced in 197 


, its radar warning was merely astonishing. 
Then the improvements began 
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-> "If you can Imagine the Turbo Porsche of the 
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radar detectors, this is it" That was Car and 
Driver's verdict on the first ESCORT. 

The comment referred to ESCORT's 
astonishing performance, but it anticipated 
something more. Just as Porsche keeps 
refining its classic 911, our engineers now 
have nine years of technical advancements 
built into ESCORT. 


More power under the hood 

While car makers talk about horsepower, 
engineers measure a detector's radar-finding 
ability in dB. Today's ESCORT is significantly 
more powerful than the one that drew super- 
latives from Car and Driver nine years ago: 
10 dB more sensitive on X band, 13 dB on 
K band. 

Our engineers never stop researching, 
and when they make a breakthrough, it goes 
into production immediately. Consequently, 
ESCORT performance is always at the fore- 
front. In its most recent test of ESCORT, Road 
& Track wrote, '...it is highly recommended" 

Since then, our engineers have added 
an extra 2 dB to ESCORT's sensitivity on both 
bands. Imagine what Road & Track would say 
now. 

Rashid rejection too 

Of course, there's more to detection 
than simply issuing a long-range warning. 
The warning must be real. No false alarms. 


RASHID 
Figure 1: A digital spectrum analyzer scanning the entire width 
of K band can't see the difference between radar and Rashid. 


RADAR 


When the FCC cleared the Rashid VRSS 
collision warning system for operation on K 


band, there was no known way to distinguish 
between Rashid and radar. But our engineers 
came through again. Our AFR™ (Alternating 
Frequency Rejection) circuitry automatically 
isolates and neutralizes Rashid signals, yet 
leaves ESCORT's radar detection capability 
undiminished for your protection. 


The full radar report 

In addition to long-range warning, 
ESCORT also pioneered a full-disclosure 
warning system that tells you everything you 
need to know about the radar it finds. At 
first radar contact, the alert lamp responds 
and the analog meter indicates radar 
strength. Simultaneously you will hear an 
audio warning—pulsing slowly when radar is 
weak, quicker as you near, then constant as 
you approach range. 


Power-ON LED 
and Sensor 


Signal Strength 
Meter 


Highway/ City 
Switch 


ESCORT also provides separate warning 
tones for each radar band. And we've added 
a Mute function for your convenience: once 
you've noted the warning, touching a switch 
mutes the audio warning, yet leaves the 
detection circuits fully armed for the next 
encounter. 

Character reference 

Our policy of continuous refinement has 
prompted the experts at Road & Track to say, 
"Externally, the ESCORT has changed hardly 
at all over the years; internally, it has under- 
gone several major revisions, each estab- 
lishing new performance standards in the 
field” 


Now... same-day shipping 
We build ESCORT in Cincinnati and we 
sell direct to our customers only. Call toll 
free. Orders in by 3:00 pm eastern time 
Monday through Friday go out the same day 
by UPS, and we pay shipping. Overnight 
delivery is guaranteed by Federal Express 
for $10 extra. 
Time-honored guarantee 
If you're not fully satisfied within 30 days, 
return your ESCORT. We'll refund all your 
money, including return postage, with no 
questions. 
More than a million drivers put their trust 
in ESCORT. Yours is just a toll-free call away. 


Order Today 
ESCORT $245 (OH res. add $13.48 tax) 


TOLL FREE...800-543-1608 
(Phone Mon-Fri 8-11, Sat & Sun 9:30-6 EST) 


By mail send to address below. All 
orders processed immediately. Prices 
slightly higher for Canadian shipments. 


ESCORT 


RADAR WARNING RECEIVER 


Cincinnati Microwave 
Department 01687 

One Microwave Plaza 
Cincinnati, Ohio.45249-9502 


€ 1987 Cincinnati Microwave, Inc. 
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This tiny device, seen atop a penny, is called an SCB. It can 
ignite an explosion 1,000 times faster than normal. 


Nevertheless, the Los Alamos scien- 
tists customarily wear protective cloth- 
ing and hoods while sampling. The 
collector can also be carried by an air- 
craft for atmospheric testing. 

"We are gathering information to 


prepare a data base," says Crowe, "and | 


we hope to apply that data base to 
other volcanoes that may be danger- 
ous, possibly next year." 


Fossil whale 

The largest fossil ever collected from 
Antarctica, a whale more than 40 mil- 
lion years old, has been discovered by 
a New Zealand paleontologist who was 
a member of an expedition funded by 
the National Science Foundation. Ewan 
Fordyce found the 30-foot-long fossil 


| whale, with four-foot-long skull bones 


and four-inch triangular teeth, on Sey- 
mour Island, a desolate area between 
the Weddell and Scotia Seas. The 1.5- 
ton specimen will eventually be sent 
to the Smithsonian Institution, in Wash- 
ington, D.C. 


Exploding faster 


"To some extent, we have a solution 
in search of a problem," says Robert 
W. Bickes, a physical chemist at San- 
dia National Laboratories. He is re- 
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Special optical fibers such as this one could form the basis 
of a new class of inexpensive, efficient, and versatile lasers. 


ferring to a device whose development | “But one area... is for actuating rock- 


he captained: the semiconductor bridge 
(SCB), a miniature device that can ig- 
nite explosives about 1,000 times 
faster than conventional hot-wire tech- 
niques. The new device, perfected in 
conjunction with a team of engineers 
at the University of New Mexico, Al- 
buquerque, appears in the photo above 
(left). The 1.5-millimeter-square chip 
is lying above the capital C on one 
side of a penny. 

Metal bridge devices are used to 
electrically ignite small explosive 
charges for civilian, military, and 
space applications: mining and con- 


struction, for example. A hot wire | 


heats up as electricity passes through 
it. As it reaches 1,200 degrees C, it 
ignites an explosive powder pressed 
against the wire, triggering an explo- 
sion. The whole process takes just a 
few thousandths of a second. 

By contrast, the SCB triggers an ex- 


plosion within a few tens of millionths 


of a second. The crossbar of its H- 


| shape is heavily doped with phos- 


phorus. When a tiny electrical pulse 
is applied, the doped area turns into 


| a plasma—a superhot, highly ionized 


gas—that causes an instantaneous 


| explosion. 


So far, Bickes says, the SCB’s super- 


speed has yet to be fully exploited. 


ets and other devices that make 
extremely fast course correction for 


spacecraft and missiles... [which] can | 


mean the difference between success 
and failure of their missions." 


Low-cost laser 


Physicists at the Department of Elec- 
tronics and Computer Science at South- 
ampton University in England are de- 
veloping what could be the world's 
cheapest laser capable of generating 
precise wavelengths of light. It de- 
pends on the use of doped single-mode 
optical fiber, seen fluorescing in the 
photo above. 


Unlike conventional lasers, single- | 


mode fiber lasers do not require sepa- 
rate mirrors, are not affected by 
contamination with dust, and can be 
colled into a small space. And with 
fiber lasers of this type (this one is 
doped with rare-earth ions), a wide 
range of light wavelengths can be pro- 
duced. This is in contrast to small 
semiconductor lasers—commonly used 
in compact-disc players—which can 
operate only in short, infrared wave- 
lengths. The fiber lasers can, however, 
be pumped with semiconductor lasers, 
which are both inexpensive and effi- 
clent to operate. 
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Why not build it yourself? 


In a world filled with conventional automobiles, try an 
alternative; create your own automotive legend for far less 
than you might expect. Experience the excitement and 
pride in being able to say...“I built it myself" 

Classic Motor Carriages is the world's largest manufac- 
turer of replicars and specialty automobiles. Take the 
challenge now. It's fun, it'S easy and it's rewarding. Build 
your own excitement dione 
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CALL NOW 1-800-202-1142 
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©1987 Classic Motor Carriages, Inc. Some equipment depicted is optional. 
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Fill out the coupon below and begin the most rewarding 
experience of your life. 


16-H-7 


ÉQD3 CLASSIC MOTOR CARRIAGES 
16650 N.W. 27th Avenue, PO. Box 10 
Miami, Florida 33054, (305) 625-9700 
Hours: Mon.-Fri. 9 AM - 11 PM 
Sat. 9 AM - 5 PM, Sun. 11 AM - 11 PM | 
Enclosed is $1.00 ea. for a full color brochure | 
and consumer buying guide for Replicar | 
assembly: | 
Gazelle. — Classic Speedster C 
Classic TD. . Classic Speedster 


Name | 
Address 


City State Zip 


Home Phone ( ) 
Bus. Phone ( ) 


Please charge on my: L] MasterCard LJ Visa L1Am. Exp. 


ACCE NO- — ———— E Date 


Signature 


Look for our displays at airports in Amarillo, Baltimore/Washington Inti, 
Birmingham, Boston, Chicago O'Hare, Cincinnati, Cleveland, Grand Junc- | 
tion, Jacksonville, Knoxville. LaGuardia, Memphis, Miami, Minn/St. Paul, || 
New Orleans, Newark, Oklahoma City, Phoenix, Pittsburgh. Portland, | 
Reno, 5t. Louis and Tulsa. 
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PHOTOS BY TOM WILKINSON 


Chrysler's Indy 500 pacer blasts along a straight. Trunk-mounted power packs provide juice for powerful safety strobes. 


Indy pacer 


Compared with driving a street ma- 
chine, you might expect driving an 
Indy pace car to be a bit like wres- 
tling a bear. But a short behind-the- 
wheel tour of Chrysler's Chelsea, 
Mich., proving ground in the Le- 
Baron Indianapolis 500 pace car proved 
otherwise. 

The 500 pacer needs to accelerate 


| from 80 to 120 mph in less than half 


a mile, then duck into the pit lane—a 


| real test of brakes and handling. To 


provide sufficient power, Chrysler in- 
stalled an intercooled Turbo II engine 


| in a standard LeBaron convertible, 
tweaking its turbocharger electronics | 


to produce 12 pounds of nonstandard 
boost. The result is a solid 230 horse- 
power, up substantially from the 146 


| in the production version. 


Stiff springs and bushings beef up 


the high-performance suspension 


package. The tires are oversize P225/ 
50VR15 Goodyears. And despite what 
seems like relatively minor suspension 
changes, I found the pace car handled 
the awesome power with ease. Torque 
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| steer was minimal, despite the modi- 


fied boost and a brutal power surge 
over 4,000 rpm, contradicting theories 
that 200 horsepower 1s tops for front- 
wheel drive. Obviously, Chrysler is 
well along in the engineering of high- 
horsepower front-drive cars. 


Engines out, engines in 


Ironically, efforts to handle power come 
in the wake of several cuts in new- 
engine programs at General Motors 
Corp. Both the innovative Manhattan 
engine, a four-banger with a one-piece 
block and head, and a new high-output 
V6 called the *3200" have been shelved 
in favor of modified versions of exist- 
ing engines. GM is now reportedly 
working on an enlarged 24-valve ver- 
sion of the currently produced 2.8-liter 
Chevrolet V6. 

Ford Motor Co., on the other hand, 
recently announced it would be build- 
ing a new engine plant. And while 
company officials will not reveal which 
engine will be built there, a new- 
generation V8 has been under discus- 
sion at Ford for several years. Also 


under consideration is a ground-up 
four-cylinder engine to replace Ford's 
aging 2.3-liter four-banger. 


More engine news 


Already in production with two differ- 
ent two-liter, four-valve fours, Toyota 
Motor Co. is now building a four-valve 
V6 with the same displacement. Just 
introduced in the Japanese version of | 
the Camry, it features two cams per 
bank and compact, narrow-angle com- 
bustion chambers. The V6-powered 
Camry is a strong contender for pro- 
duction in 1988 at Toyota's Lexington, 
Ky., plant. Displacement of the U.S.- 
spec engines is almost certain to be 


| more than two liters, though. 


Flame-front anti-knock 


An experimental tool now used to re- 
search combustion in an engine's cyl- | 
inders may show up soon as a new 
kind of anti-knock sensor, says John 
MacDougal, an engineer holding pat- 

ents on the principle. 
The ionization sensor is something 
Continued 


Give us one weekend a month 


and well show you how to wipe out 
your student loan. 


serve part-time in the Air National Guard 
and you could earn up to $27,000* in college benefits. 
That's $5000 from the New GI Bill. A $2000 cash enlistment bonus. 
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This season, Consolidated Dutchwest introduces its all new line 
of reengineered stoves—stoves designed to meet environmental 
standards for 1990 and beyond. Each stove has been redesigned to 
combine three combustion air sources with precise mixing and 
catalytic combustion. The result is extraordinarily high efficiencies, 
low pollution, low creosote for improved safety, and longer burning 
times at typical heat output levels. Yet despite these major 
improvements, we have neither altered our elegant styling, nor 
sacrificed any of the important conveniences you would expect 
from a Consolidated Dutchwest stove. More than ever, our motto, 
"We build our stoves without compromise,’ describes these 
exceptional, super-efficient stoves and fireplace inserts. 


High-Efficiency Burning 
Saves You Fuel 


Efficiency ratings for Consolidated 
Dutchwest stoves are among the 
highest ever achieved. Overall average 
efficiencies for various models range 
from 7496 to 8096. For example, the 
Large Federal Convection Heater, our 
most popular model, achieves an 
average overall efficiency of 78.896 
following state of Oregon testing pro- 
cedures (approved by the U.S. EPA 
for its 1988 stove standard). Overall 
efficiency ranged from 7596 during 
high firing up to 8396 during slower, 
overnight-style burning (9 hours, 45 
minutes on a single loading). 


Efficiency 
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Low Burn High Burn 
Efficiency ratings for the Large Federal Convection 
Heater range from 75% during high firing to 83% 
during low (overnight-style) burning, achieving an 
average overall efficiency of 78.8%. 
When compared with average efficien- 
cies of 5096-5596 for typical non-cata- 
lytic airtight stoves, 30% for non-air- 
tight stoves, and 10%-15% or less for 
fireplaces, the potential for fuel sav- 
ings becomes obvious. Depending on 
how you now burn wood, you may 
be able to cut fuel consumption by 
30% to 90%. This means comparable 
dollar savings if you purchase wood, or 
work savings if you cut and split your 
own supply. Similar reductions in the 
use of expensive fossil fuels or elec- 
tricity are consistently reported by 
customers who switched to Con- 
solidated Dutchwest stoves as their 
primary or secondary heat source. 


Low Creosote for Safe 
Installations 
High-efficiency Consolidated 


Dutchwest stoves are also very clean 
burning. Most models already meet 
or exceed current and 1988 standards 
for Oregon and Colorado (the only 


states with such regulations), the EPA 
(federal) standard for 1988, and even 
the proposed federal standard for 
1990. Smoke emissions for the Large 
Federal Convection are only 1.3 
grams per hour, less than half those 
permitted under the rigid federal stand- 
ard for 1990! 


These extremely low smoke levels 
mean more to you than cleaner air. 
They mean cleaner, and safer chimneys 
too. Among the smoky gasses con- 
sumed by these clean-burning stoves 
is creosote, the flammable, gummy 
substance that frequently coats 
chimneys used to vent ordinary air- 
tight stoves. In fact, testing has shown 
that catalytic burning can reduce 
creosote as much as 9096. That's an 
added safety factor which comes with 


clean-burning technology. 


Durable, Easy to Use, 
and Beautiful 


All Consolidated Dutchwest stoves 
are built entirely from cast iron. Each 
has the durability and exceptional 
heat transferal properties of this 
unique medium. Consolidated 
Dutchwest stoves are built to be easy 
to use. Most models come with 
ashbins and slide-out drawers, so that 
cleaning out ashes is a simple, neat 
task. Many have front and side doors 
for easy loading. Most units have 
grates which make fire starting easy, 
even with balky fuels like unseasoned 
wood or hard coal. Three brass dial 
dampers let you precisely set burning 
rates appropriate for your needs. 
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Send me my free information package!’ 


| Yes! Includes the 68-page color Stove Catalogue, "The Stove Buyer’s Guide,” 
€ Planner, and complete pricing information. 
L pinn on purchasing a stove within: 
EN days 


[| the next 6 months 


lidafed 


r— 


[] the next year 


Write or Call 


today for your free 


information package! 
Package includes 68-page color Stove 
Catalogue, "The Stove Buyer's Guide,” In- 


stallation Planner, and complete pricing 
information. 


1-800-225-8277 
1-800-/22-5556 


(in Massachusetts call 1-617-747-1963) 


Consolidated Dutchwest stoves are 
flexible too. Most can burn both 
wood and coal, and conversion be- 
tween fuels takes barely a minute. All 
vent from both top and back, and 
our convection heaters can even be 
installed as fireplace inserts. Blowers 
are available with each convection 
heater. All stoves come with cook 
tops and temperature gauges. Each 
has a glass viewing window, and most 
stoves have screens for open-fireplace 
burning. Consolidated Dutchwest 
stoves are patterned upon elegant, 
Federal-period styling, which is high- 
lighted with solid brass trim. They 
are as beautiful as they are functional. 


Free Corning Catalytic 
Combustor 
| You will receive a 
I new Corning Long- 
— 4] life catalytic com- 
2| bustor with each 
| stove. The Corning 
| | "Long-life” provides 
for high efficiency and exceptionally 
clean burning, while lasting . 
" 


twice as Probe 
Thermometer 
long as 


CATALYTIC 
earlier COMBUSTOR! 


com- 
bustors. 


Polished 
Cooktop 


|. - mme 
is 


Convection 
Air Outlet 


Convection —— 7 


| 
J 


Installation 


Cl more than | year | ) uncertain 


Name 


City 


Dutchwe A-—B— 1010. 
PO Box 1019, Dept. ;PS8 


Plymouth, MA 02360 
(617) 747-1963 
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like a low-voltage spark plug that con- 
ducts current only when it is inside 
the ionized atmosphere of a flame. 
Such a sensor can tell a computer how 
fast the flame front is advancing in- 
side a running engine. Preignition, or 


Nose-drop 911: For a rather steep price, 
Porsche will install this optional slope- 
nose treatment on the 911. 
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24-valve V6: Toyota just introduced this 


two-liter four-cam V6 in its home-mar- 
ket version of the Camry sedan. 


knocking, can thus be detected, and 
each cylinder's timing can be adjusted 
accordingly. 

MacDougal has done extensive re- 


| search on anti-knock devices for indi- 


vidual cylinders, which he calls “elec- 


tronic octane.” Indeed, along with John 
Lennington, he developed the widely 
used sensor that "listens" for knock, 
and recently concluded a licensing 
agreement with Ford Motor Co. cov- 


| ering its use on Ford's 3.8-liter V6. 


The ionization sensor, also currently 
being tested by Ford, is the next step, 
he says. 


Pay through the nose 


Why would someone spend a small for- 
tune to tack a bulbous nose on what 
may be the prettiest car in the world? 
That car, the Porsche 911, has been 


one of the most successful cars in the | 


German car maker's stable, despite its 
frog-eye headlights, which have re- 
mained basically unchanged for over 
20 years. 

But some Porsche owners appar- 
ently want their 911s to look more like 
the race-winning Type 935. And al- 
though the idea seems odd to purists 
at the factory in Zuffenhausen, spe- 
cialty shops in Germany and the U.S 
have been doing these conversions for 
years. This has not gone unnoticed 
—even purists have to eat. Enter a fac- 


tory slant-nose option. Adding the | 


$23,826 schnozzle to the 911 Turbo 
boosts the price to nearly $90,000. 
Start with a cabriolet instead of the 
coupe, and you can be the first on the 
block with a $100,000 factory-built 
Porsche. "E 


Contributors: Kevin Radley (Japan), Tom Wil- 
kinson (New York) 
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CONCENTRATED 
POWDERED CAR 
WASH 

Highly concentrated for- 
mula. Excellent for wash- 
ing all vehicles. . .boats, 
motor homes, airplanes. 
Gentle rich suds are for- 
mulated to float away dirt 
and grime; remove road 
film, leave car surface 
Sparkling clear, preserve 
waxed finish. Dissolves 
instantly in hot or cold 
water. Contains water soft- 
eners. Phosphate-free; bio- 
degradable. VW-3 


VINYL TOP & 
UPHOLSTERY 
CLEANER 


Removes sugar residues 
and stains from beverages 
and other foods. Cleans 
seats, dashboards, floor 
mats, steering wheels, 
glove compartment inter- 
iors, trunks and ashtrays. 
Leaves a pleasant, clean, 
fresh fragrance. Also ideal 
for kitchen appliances, 
counter tops, boat and RV 
applications. Contains no 
abrasives or phosphates. 
VC-1 


VELOUR FABRIC & 


UPHOLSTERY 
CLEANER 
Unique foaming action, 
lifts dirt from modern auto- 
motive velours and other 
absorbent fabrics, sheep- 
skin seats and wheel or 
seat covers. Removes lip- 
stick and other grease 
stains. Cleans seats, floor 
mats, interiors. Leaves the 
inside of your car with a 
pleasant, clean, fresh fra- 
grance. Contains no abra- 
sives or phosphates. 

VF-1 


UCTS 


LIQUID GLASS 
CLEANER 
with Ammonia 


Removes many types of 
soil, easily with minimal 
effort. Does not streak. For 
eyeglasses, windshields, 
headlights, taillights, win- 
dows, mirrors, chrome, 
stainless steel, aluminum, 
porcelain and ceramic tile. 
Removes compound and 
polish spin-off, and mask- 
ingtape residue in the pro- 
fessional auto body shop. 


GC-2 


ASK für them at your favorite auto Supply Store 
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By WILLIAM J. HAWKINS 


Prototype projector modulates and 
scans laser light across a movie screen 


Laser TV 


A television picture that’s created and 
projected by a laser has some unique 
properties. The picture is always in 
focus, and, depending on the laser 
power, the screen can be as large as 
you need. One company, as writer 


Monolithic laser diode bar array held 
in tweezers is stacked with other ar- 
rays to form a solid-state laser “pump.” 
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to create a high-resolution (up to 8,000 
lines) monochrome TV image. 
Myron Berger discovered, is prepar- 
ing a system for large-scale displays 
for stock exchanges and transporta- 
tion terminals. Here's his report: 
“All I could see was a small home- 
movie screen in the middle of the 
room, a few feet in front of a long table 


holding boxes of electronic compo- | 


| nents, lenses, and mirrors. Everything 


else was black: the walls, ceiling, car- 
pet, even the furniture. ‘Watch the 
screen,' said Dick Sandhaus, president 
and chief designer for Science Faction 
Corp., as he connected a few cables, 
then threw a switch. 

“A small, upside-down but very sharp 
television picture suddenly appeared 
on the glass-bead screen. But this was 
no ordinary picture. This was drawn 
by a laser. 

“On the table, ribs of light flashed 


| in curious streaks as they were mod- 


ulated in time to the video image 
thrown on the screen. ‘The light first 
passes through an intensity modula- 
tor, said Sandhaus. This device uses 
an acoustic transducer to excite a crys- 
tal and determine the brightness of 


| each pixel, or picture element, in the 
| 1mage. 'Next, the beam goes through 


an acousto-optic deflector, another 
transducer-excited crystal, added 
Sandhaus. "This arranges each pixel 
in a horizontal line.’ Finally the beam 
is sent to a moving-iron galvanome- 
ter, which arranges the horizontal 
lines in vertical stacks. 

"The modulators are controlled by 
computer. ‘By rewriting the software 
in the interface,’ said Sandhaus, ‘any 
video format [PAL, Secam, HDTV] can 
be projected. 

“The projector produces a mono- 


| chrome picture, but Sandhaus has 


tested a full-color version. To convert 
to color, either a combination of argon 
and krypton lasers or an argon laser 
and low-energy dye laser (a device that 
uses laser light to generate a differ- 
ent color) is required. An argon laser 
produces green and blue light, while 
krypton produces red. However, with 
splitters, filters, and the dye laser, all 


| three colors could be derived from 


argon. In either case, each of the three 
beams pass through separate inten- 
sity modulators, then combine and 
continue to the deflector (horizontal 
scan) and galvanometer (vertical scan). 

"The prototype laser projector, which 
consumes as much as 40,000 watts of 
electricity, 4.5 gallons of water per 
minute (for cooling), and costs well 


which home TVs are made. However, 
if high-definition television replaces 
movie film, a full-color laser video pro- 
jector could outperform the film pro- 


| jectors currently in movie theaters. 


“The laser system has a contrast 
Continued 


over $50,000, is hardly the stuff of | 
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ratio of as much as four hundred to 
one, and a resolution that in theory 
approaches eight thousand lines,’ said 
Sandhaus. How does that compare 
with a theater's equipment? A Kodak 
spokesman told me that commercial 
theatrical film has a contrast ratio 
that averages over 100:1. Although 
film resolution is not measured using 
the same scale as video, a good film- 
projection system is equivalent to 2,000 
lines of resolution on a video screen. 

"At present, the disadvantage of the 


laser is its shockingly low energy ef- 
ficiency: Sandhaus calculates it to be 
0.05 percent. 

"The monochrome laser is scheduled 
for production by Science Faction Corp., 
333 W. 52nd St., New York, N.Y. 10019, 
sometime next year.” 


Terabytes of storage 


Eastman Kodak Co. has shown a new 
14-inch write-once optical-disc storage 


system that holds more than a tera- 
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byte of information. Technically, a 


terabyte is equal to one trillion bytes | 


of data (one million megabytes). In 
practical terms, that’s equal to all the 
information contained in a stack of 


paper 92 stories high. What if the | 


paper you want.is, say, on the 50th 
floor? No problem, says Kodak. The 
longest it takes the company’s KIMS 


| System 3000 to find any piece of data 


is 7.5 seconds. Price? Think terabytes. 


| Little laser 


The laser diode bar array is 2 inch 
long and an inch thick, and must be 
held with tweezers (photo, previous 
page). Yet when stacked together, the 


arrays generate a peak power output | 


level of 114 watts per centimeter with 
a 42-percent energy conversion effi- 


ciency. That’s the highest level | 


achieved for a laser of its size, accord- 
ing to maker McDonnell Douglas As- 
tronautics Co. (St. Louis, Mo.). 


The first SVHS machine 


Hitachi is the first company to offic- 


ially offer a Super-VHS VCR for sale | 


in the U.S. [“Super VHS,” July]. Avail- 
able next month, it will cost $1,299 


—not bad, considering $1,500 to $2,000 | 


was the expected price for SVHS ma- 


| chines. The recorder is a digital model 


(picture-in-a-picture, 12-picture strobe), 
and it has one entirely new feature: a 
30-second “skip” button. Press it, and 
the recorder quickly skips over the 
30-second taped commercial you were 
about to endure. Press it twice for 60 
seconds. 


Filmless film 


A new feature film called Do It Up is 
different from all others: It’s not re- 
ally a film. The original shooting was 
done with high-definition (1,125-line) 
video gear and transferred to 35-mm 


| film for theater showings. How good 


is it? Ask Rex Reed. 


An electric bill? 


According to a report in the British 
journal Nature, the Australia-bred 
Ornithorhynchus anatinus—the duck- 
bill platypus—uses its bill to detect 
electricity. When a 1.5-volt battery 
was placed in the bottom of a pool, 


it 88 out of 88 times. And when given 
the choice between a live battery, a 
dead one, and a shrimp tail, the ani- 
mal charged the charged cell. Surpris- 


ing? Not to me. I dont like shrimp | 


either. 


| the furry critter found and attacked | 
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' Save Gas, Save Engine with POLY" 


-* 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" isshort for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. All you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
your oil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO I KNOW THIS ISN'T A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest" magazine (March/April 1982, 
p. 35) states "Slick 50 does reduce en- 
gine heat and ordinary wear, and our in- 
formal tests indicate that it will im- 
prove gas mileage by about two or 
three miles per gallon.... Slick 50 
does exactly what Petrolon claims it 
does. Researchers at a nationally 
respected research laboratory. after 
applying a powerful ultrasonic clean- 
ing process to a Slick 50 treated engine 
part, were surprised at its permanence. 
They stated, "We actually expected the 
PetroLon Slick 50 TFE Resin coating 
to also be removed, but later found it 
was still there." 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use (equivalent 
toabout 70,000 mileson a car) showed 
almost zero engine wear ! 

"Dune Buggies and Hot VW's” 
magazine, April 1983, p. 70-71. records 
the results of their one year testing of 
Slick 50. "We can indeed say scientifi- 
cally that Slick 50 does work and that 
it doesreduceenginewear!....forthe 
price of one treatment when compared 
to engine rebuild. we feel you'd be 
money ahead using Slick 50." 

A test done at the San Diego State 
University revealed that, Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
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torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
vania and shown on television station 
WTVE. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. There 
are many more tests available. If you 
are still skeptical, send $2.00 to defray 
printing and postage costs and we will 
send ycu additional, more detailed, 
test information, etc. 

HOW DO YOU TREAT AN EN- 
GINE? Very simply. Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for30 minutes, and leaveit in the 
crankcase for 3.000 miles. As the engine 
operates, the oil carries the "poly" be- 
tween the parts where it is burnished 
intothe poresofthe metal. Once impreg- 
nated it is permanent, so you do it 
only once. not each time you change 
oil. One quart of Slick 50 will treat all 
standard 4, 6 and 8 cylinder gasoline 
and diesel engines. 

WILLIT WORK WITH MOST OIL? 
Yes, Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 


Slick 50 does all of the following: it 
increases gas mileage. lt increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 
in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
being removed from gas and unleaded 
gas is poor in lubricating qualities, the 
extra lubrication of Slick 50 on 
valve stems and quides is very valu- 
able. Last. but not least. the drastic 
reduction in engine wear defrays or 
eliminates costly overhauls which 
can save you over $1,000. Slick 50 
eliminates the “lubrication starva- 
tion” that all cars experience when 
first started before the oil has a chance 
to circulate. Up to 90% of the wear ona 
car can be caused by this lubrication 
starvation. You receive all of these 
benefits forless than the cost of two 
tanks of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINE OR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc), 2-Cycle Engine 
Treatment, Grease, Ultra 9 Oil, Fuel 
Conditioner, and Fabric Protector. Free 
information is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick" for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
orsendto: FORT MORGAN SLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 

PS8 
LJ | enclose $39.954-$4.00 shipping & hand. 
LJ | want 2 or more (free shipping & hand.) 
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Chevrolet Camaro Z28, Ford Mustang GT, and Toyota Celica GT are recognized perfor- 
mance leaders. Now, sporty convertible versions are available. Soft-tops are generally heav- 


ier and less rigid than hardtops— but lightness and chassis strength are important in a 


sports car. Was performance sacrificed for topless appeal? Track tests tell the story. 


By JACK KEEBLER 
Photos by Greg Sharko 


hy is a fast convertible so 
much fun? It could be the 
| scalp-cooling breeze after a 


rough day at work. Or maybe it's the 
brassy babble of exhaust pipes across 
a short trunk. Or perhaps it's a favor- 
ite copilot’s grin at the sudden scent 
of wild flowers or fresh-cut grass. 
Before I could cool my scalp, smell 
the flowers, or share a grin, there were 
some serious questions to resolve con- 
cerning the dynamic performance of 
the three convertibles chosen for this 


grip, low-speed handling precision, and 
interior noise levels were all checked 
with the latest electronic test gear. r 
Continued 


month’s car test—Chevrolet Camaro 
428, Ford Mustang GT, and Toyota 
Celica GT. With the help of the Por- 
ULAR SCIENCE test team, I put 

the fast-lane drop-tops 
through their paces at 
Stewart Interna- 
tional Airport's 
2V»-mile test 
strip in New- 
burgh, N.Y. 
Vehicle quick- 
ness, braking 
muscle, high- | 
speed road A 
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By Joseph Sugarman 

You are about to read something that 
you might find hard to believe. I know 
that I did. But if you read this, you'll be 
in for a pleasant surprise. 

Gene Clark is a carpenter in the village 
of Kihei on the island of Maui in Hawaii. 
When the local people got sick, they call- 
ed on Gene and he would give them a 
“treatment? They would quickly recover 
and soon Gene would be back at work 
pounding nails. 

I discovered Gene by accident. I sprain- 
ed a leg muscle and the little old lady at 
the cottage told me to see Gene. "He's 
not a doctor," she said, “but he's per- 
formed miracles around here." 


BACK OF BEAUTY SHOP 


So I looked up Gene, met him in back 
of the local beauty shop and for a few 
dollars he gave me a treatment. He 
spread an oil-like substance over my leg 
and massaged the sore muscles. Within 
a few hours after he finished the pain 
seemed to disappear. 

The next day I was back in perfect 
shape, jogging and swimming as if 
nothing was ever wrong. Before I left 
Hawaii, I bought a sample of the oil from 
Gene. Then the miracles started. 

For the next year, whenever I had a 
stiff muscle or joint I would apply the oil 
and in a few hours the pain seemed to go 


away. I even ran tests. Whenever I ex- 


ercised and got a few stiff muscles, I 
would apply the oil on one side of my body 
and nothing on the other. Sure enough, 
the one side without the oil would remain 
stiff while the side with the oil would be 
fine in a few short hours. 

Soon, I started using the oil before I ex- 
ercised and discovered that both my 
strength and endurance increased. Then 
I used the oil on just one arm and notic- 
ed my strength in that arm increased. 


CLINICAL TESTS 

After all my experiments, I felt that I 
had discovered some mysterious Hawai- 
ian secret and maybe a revolutionary pro- 
duct idea. I flew to Maui once again to 
find out the secret to this mysterious oil. 

I met Gene for lunch and told him that 
his oil should not just be limited to his pa- 
tients. If the oil could be sold nationally, 
he could give up pounding nails for a liv- 


Miracle Oil 
Hawaii 


| discovered the oil by mistake. 
But what it did was no mistake. 
| was experiencing a miracle. 


Gene Clark tries to block this shot of 


"| don't want to be famous,’ he insists. 


himself in front of the beauty shop. 


ing and create his own health spa. Gene 
listened. And, as we talked, he finally 
unveiled the secret to his miracle oil. 

The oils are made from plants. It seems 
that every plant has what is called 'essen- 
tial oils’ and the essential oils to a plant 
is what our blood is to us humans. For ex- 
ample, when a plant is attacked by a 
fungus, the essential oils change quickly 
to combat the fungus by producing an- 
tifungal properties just like our blood car- 
ries antibodies to fight disease. 

There are some essential oils produc- 
ed by plants that testing has proven can 
penetrate through layers of human skin. 
These oils then go straight to the muscle 
tissue to soothe those muscles and relieve 
pain by helping to eliminate the by pro- 
ducts of muscle stress such as lactic acid. 
Circulation in the area is also improved. 

Only a few people in the world know 
how to grow plants to cause them to pro- 
duce the essential oils that can help 
humans. The oils have to be extracted in 
an age-old method passed down from one 
family to the next. And it takes thousands 
of pounds of plants to produce just a few 
ounces of the essential oils. 


TOO EXPENSIVE 

Gene described the many steps re- 
quired to create the oil and one conclu- 
sion was clear. Because of the thousands 
of pounds of plants required to make just 
a few ounces of the essential oil, the oil 
was too expensive to market as a replace- 
ment for the common over-the-counter 
preparations. A small 12 ounce bottle 
would cost $240. 

Then it hit me. I recalled that my treat- 
ment with Gene only required a few drops 
of the oil. The other products on the 
market required the application of much 
more oil and were a lot less effective. 
They left an oily residue and often had 
a strong odor where Gene's oil did not. 

So I convinced Gene to supply me with 
small containers of the substance to 
market to my customers in two small one 
ounce bottles which I promised to name 
after him, ‘‘Clark’s Rubbing Oil." With 
the small-sized bottles, there's enough oil 
to supply any serious athlete, anybody 
with muscle problems or anybody that 
wants to excel in their sport. With 


average use the oils should last a few 
months depending on the amount applied. 
Then came the breakthrough. 

Before I sold a single bottle I conducted 
clinical tests. I was no longer going to be 
the only judge of my new product's ef- 
ficacy. Sure enough, weight lifters using 
the oil saw as much as a 20% increase in 
their strength compared to those athletes 
who did not use the oil prior to exercise. 
That was all I needed. 


EXPERIMENT WITH HALF 

Let me send you two one ounce bottles 
of Clark's Rubbing Oil. Rub the oil from 
one of the bottles on your body before you 
exercise or where you have pain. Experi- 
ment with half your body using the oil on 
one side and nothing on the other. Ex- 
perience for yourself the effect of this 
outstanding new product. 

If, for some reason, you do not notice 
a dramatic difference—one so noticeable 
that you know within the first few ap- 
plications, then keep the oil from the bot- 
tle you've used and return the unused 
bottle for a refund of your full purchase 
price. No questions asked. 

But if my hunches are correct, you'll 
find so many uses for it, that you'll 
become one of our steady customers. 

Gene Clark has just opened his new 
health spa. He has some of the finest 
equipment on the entire island and will 
be selling hundreds of bottles of his new 
oil. And hopefully, so will we. 

Why not discover what Gene, a small 
group of athletes and I have already 
discovered? Try Clark's Rubbing Oil at no 
obligation, today. 

To order, credit card holders call toll free and 
ask for product by number shown in paren- 
theses or send a check plus $3.00 for delivery 
to the address below. 

Trial Order (1660PS2)......... $29.95 


PS: Gene's spa is located at 101 Kihei Road in the 
Kealia Beach Plaza Shopping Center in Maui. 
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One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 228-5000 


IL residents add 7% sales tax. 9JS&A Group, Inc.,1987 


Soviets discover psychic 
powers as new weapon. 
All Americans affected. 


By Joseph Sugarman 

It was top secret. And even if 
somebody told you about it, you'd have 
a rough time believing it. 

It started with the Russian space pro- 
gram. The Russians had discovered that 
astronauts who had the best intuition 
made the best decisions. And in crisis or 
war, better decisions could mean victory. 

But they made an even more significant 
discovery that was to shake the founda- 
tions of NASA—our very own space 
agency. The Soviets discovered that they 
could actually teach people to have bet- 
ter intuition, thus increasing their psychic 
powers and consequently capture a decid- 
ed military advantage. 

MILITARY ADVANTAGE 


Imagine being able to sit behind the 
controls of a military jet and predict what 
your opponent will do. Or know in ad- 
vance if it will be safe for you to even fly 
that day. 


Millions of dollars later, NASA, under 
a major research program, developed a 
teaching machine that would accomplish 
what the Russians had spent 20 years of 
research to discover. But NASA kept it 
secret. And for good reason. The 
American public was not ready to accept 
psychic phenomena as a military tool even 
in this era of space ships and Star Wars. 


A group of scientists who worked on 

the project for NASA felt however, that 
they could create the same psychic 
teaching system that NASA developed 
for its astronauts and reduce its cost so 
that the average American could afford 
one. The entire country would then 
benefit. And so the first psychic teaching 
system was created. It is called 
œ! Perceptron. 
The principle behind Perceptron is sim- 
ple. We all have psychic ability. Have you 
ever picked up the phone to hear 
somebody you had just thought about? Or 
how about those times when your intui- 
tion told you one thing and you did 
another only to discover that your intui- 
tion was right. 


But our psychic powers often come at 


land. 


* 


d call after you 


Tear this out an 
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America strikes back with space-age answer. 


“Could this be better than a Star Wars defense?" 


fleeting moments. If we could, however, 
remember our feelings when those 
moments occur, and then learn to 
recreate those feelings at will, we will 
become more psychic. Perceptron teaches 
you to discover those feelings. 


ELECTRONICALLY PRE-SELECT 


The unit has four different colored keys 
on which you place your fingers. Percep- 
tron then electronically pre-selects one of 
those four colors and you have to guess 
which one the unit has selected. If you 
guess the correct color, you score a point. 
If not, the unit displays the correct color 
it picked. 


At first, you'd be lucky to guess just a 
few correct answers out of a series of 24 
chances. That happened to me. But the 
more I used Perceptron, the better my 
average became. 


I then discovered that whenever I 
guessed right, I had a certain feeling. And 
whenever I was able to invoke that feel- 
ing my score would improve. 

Then came the breakthrough. I was in 
New York on a photo assignment to take 
pictures of a famous baseball star. His 
team had lost the past few games. After 
I finished taking his picture and as I was 
walking off the field, I remembered that 
special feeling that Perceptron had 
helped me discover. I then turned to the 
ball player and said, “Don’t worry, Keith, 
you'll win tonight by a score of 3 to 2 and 


I urge you to test a Perceptron and 
discover your psychic abilities while you 
train your intuition. Order one from 
JS&A on our 30-day free trial. When you 
receive it, use it for a few weeks. Watch 
as you gradually tune into your intuition 
and increase your score thanks to the 
same teaching system developed for 
NASA. But use it for other things. Liven 
up your next party and discover your 
psychic friends. Use it on a date or to pick 
your favorite stock. 

Then, after a full 30 days, determine if 
you have indeed dramatically improved 
your psychic ability. If so, continue to use 
the unit to fine tune your intuition and 
develop a level of psychic ability that will 
help you in every aspect of your life. 

But what if Perceptron doesn't work 
for you? No problem. Return the unit for 
a prompt and courteous refund. No ques- 
tions asked. 


COMES COMPLETE 


Perceptron comes complete with a com- 
prehensive booklet that discusses psychic 
ability and intuition, an instruction book- 
let and a one-year limited warranty. Each 
unit measures 6 x 64 x 3" high and re- 
quires 4 AA-Cell batteries (not supplied). 

Do you have psychic powers? How good 
is your intuition? Find out and reach a 
level of success you've never dreamed 
possible with the Perceptron. Order one 
at no obligation today. 


————— Tear this out and call after you land. 


you'll have an evening you'll never[ To order, credit card holders call toll 


forget? 
OUTGUESS COMPETITION 


| free and ask for product by number 
| shown below or send a check plus $4.00 


That night his team won 3 to 2 and he | for delivery. 


indeed had an evening he'll never forget. | Perceptron (1111PS2) 


95 
Although my experience in predicting a | Perens is a trademark of Fairfield Marketing 


ball score may seem rather trite, I have 
since used my newly trained ability to 


dramatically build my business and | 


outguess my competition—often doing 
things that defied logic but worked out 


well. But I’m not alone. Hundreds of peo- | 
ple are already using their intuition for | | 
| One JS&A Plaza, Northbrook, Illinois 60062 
| CALL TOLL FREE 800 323-6400 


everything from predicting the stock 
market to understanding their friends. 
And it’s only the start. 


orp. Allow 45 days for delivery. 
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The unit measures only 2" x 4" x 7" 
and its black and wood grain styling 
will fit into most decor. 


Fresh Air 
Bubble 


Surround your body or your work 
place with ion-controlled fresh 
air in America's finest bipolar 


electrostatic home precipitator. 


othercontrols and shapestheions 
to create an ion bubble. 

The end result is a unit which 
leaves just the right amount of 
negativeionsinalargeroom, at- 
tractsthe pollution particles and 


By Joseph Sugarman 

There'sareal danger. And thisinvisible 
menace will affect nearly everybody 
reading this ad. 

The danger is pollution—but not the or- 
dinary kind. In fact, ten years ago, we 
didn't have this new kind of pollution. 

Ten yearsago, cars didn't have catalytic 
converters. Today, these devices “grind 
up" the car exhaust into particles so small 
they form micron soot, and micron soot is 
so fine, it can be easily absorbed into your 
lungs. Eventhe EPA hasstated. “Because 
itis so fine, such soot particles stay longer 
andcausemore damageintherespiratory 
tract." 

POLLUTION TRAP 

Ten yearsago, homes were able 
to "breathe" or exchange air 
between the outdoors and in- 
doors four or five timesa day. 
Today our well-insulated 
energy-conscious buildings 
and homes create and trap 
pollution that we breathe 
unwittingly. 

There are other prob- 
lemstoo. Add the daily soot, 
dust,smoke and other im- | 
impuritiesin the air and you've 
created pollution problems even 
worse than they were ten years 
ago—so bad that environmental 
groups are especially concerned over 
this new ''time bomb" lurking in our 
environment. 

But American ingenuity hasn't been sit- 
ting still. A rash of small devices contain- 
ing charcoal filters with fansand selling for 
around $30 have flooded the market. But 
these devices only remove particles 5 
microns or larger. Today's micron soot is 
one micron or smaller. Cigarette smoke for 
example is 2 to 3 microns or smaller. 

70,000 UNITS SOLD 

In 1978, JS&A introduced the negative 
ion generator in a national advertising 
campaign and sold over 70,000 units. It was 


a device 
that clean- 
ed the air by 
electrostatically removing particles even 
smaller than one micron. Hospital burn 
centers soon beganusing commercial ver- 
sions of the negative ion generator. 

Removing sub micron particlesfromthe 
airwas very important, butthere was also 
asurprising second benefit. The unit add- 
ed negatively charged ions to the air. 

We'veallfeltthe effects of negativeions 
after a thunderstorm. When you take a 
deep breath, the air smells good and you 
feel good. 

Theoppositeis true of positiveions 
which can be found in polluted 
environments, air 
conditioned of- 
fice buildings and 
in automobiles. 
Many scientists 
believe that posi- 
tive ions make 
you feel moody, 
depressed, irri- 
table and rest- 
less. À negative 
ion generator 
cancels out the 
positive ions and 
fillsthe air with nega- 
tive ions. When you blow 
smokeintoaninverted glassbowl and 
putitoveranion generator, the smoke im- 
mediately vanishes. Or if you place the ion 
generator in an odor-filled room, the room 
soon smells fresh. 

It was these experiments that really con- 
vinced the public that the JS&A ion 
generator was a valuable new home 
appliance. 

JS&A had American scientists create an 
ion generator with a bipolar emitter which 
emits a balanced amount of negative ions 
to create a controlled ion environment. One 
emitter produces negative ions and the 


In just a few 
days you'll see 
the soot and 
dirt that would 
have been in 
your lungs. 


£ deposits them on a beautiful 
| wooden collector while keeping 
' your floors and walls free of dirt. 
You'reactually placed in a fresh air 
bubble while you work, sleep or relax 
and with nouncomfortable electrostatic 
charge. It'sthebestunitand we'll proveit. 
We'll enclose a white paper filter which 
you can place over the wooden collector. 
If the white paper is not blackened with 
micron soot after only ten days, please send 
your unit back for a full refund and we'll 
alsorefund your $3 postage and handling. 
And youcan makethetest anytime within 
30 days after you receive your unit. 
The white filter test will prove just how 
dirty your environment really isand it will 
also prove the unit’s effectiveness. 


REFRESHING DIFFERENCE 

The new improved model, shown above, 
contains twice the ion output of our 
previous models with a dial to adjust the 
ion output level. 

Weurge youtotry the Fresh Air Bubble 
in your home or office. Put one on your desk 
or in any smoke-filled room. Notice the 
refreshing difference in your work en- 
vironment. Take it homeand plug itin next 
to your bed. Chancesare, you'll want to buy 
another one before our 30-day trial ends. 

We'll send you the Fresh Air Bubble com- 
plete with instructions and a one year 
limited warranty. Thenplugitinand leave 
it run all day and night. It costs only a few 
cents per day in electricity.. 

The era of the bipolar electrostatic 
precipitator as a home appliance is here. 
Order the best unit available at no obliga- 
tion, today. 

To order, credit card holders call toll 
free and ask for product number 7056PS2 
or send a check for $99 plus $3 delivery. 


OneJS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 228-5000 


IL residents add 7% sales tax. © JS&A Group, Inc.,1987 if 
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Keith Hernandez was pleased 
but were the sunglasses that 
special? Then came the miracle. 
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By Joseph Sugarman 
You may not believe this. I can under- 
stand. But as incredible as it may seem, the 
facts I present here are the absolute truth— 
just ask Keith Hernandez. 


Keith Hernandez is the star first baseman 
of the New York Mets. About two months 
ago I published an open letter to Keith tell- 
ing the sports press that Keith should wear 
our revolutionary new BluBlocker sun- 
glasses. My reasoning was simple. 


If Keith would accept my offer and wear 
them, it would draw attention to Blu- 
Blockers and we would sell a ton of them. 
We had to sell a ton of them. The Blu- 
Blocker sunglasses were costing us a for- 
tune. By selling a large quantity, we could 
keep our prices low and still make a profit. 


SPECIAL MEETING 
Instead of sending Keith a pair, I arrang- 
ed to meet him at Shea Stadium in New 
York on May 6, 1987 to have him try one 
on. He did. But what followed I never 
expected. 


When he put them on and looked around 
Shea Stadium, he seemed impressed. I ex- 
pected that. Most people, when they first 
put on a pair, can't believe their eyes. 


BluBlockers filter out blue light which 
makes everything appear sharper, clearer 
and with a greater 3-dimensional look to it. 
Blue is the shortest light wave in the visi- 
ble spectrum and focuses slightly in front 
of our retina which is the focussing screen 
in our eyes. By filtering out the blue in the 
BluBlocker lenses, our vision is enhanced 
and everything appears to have a 3-dimen- 
sional look to it. But there's more. 


BluBlockers also filter out ultra violet or 
UV light from your eyes. Pollution is caus- 
ing the atmosphere to lose its protective 
ozone layer letting more harmful UV light 
through and causing a dramatic increase in 
skin cancer and eye disease. 

COULDN'T BELIEVE SHARPNESS 

Regular sunglasses, without UV protec- 
tion may be dangerous by causing our pupils 
to open wider thereby letting more of the 
dangerous UV light into our eyes. 


Keith loved the BluBlockers. “I saw 


Glasses 


| knew the glasses worked 
but | didn’t realize its 
new power. 


Julie draws lots of attention where : ever Mis appears 


and has nothing to do with this story nor with Keith 
Hernandez. 


everything so clearly that I couldn't believe 
how sharp they made things appear. They 
felt good and I really did like them." 


As Keith was wearing them, I took the 
picture shown above. I finished and as Keith 
and I walked off the field, I turned to him 
and said, "Keith, those glasses will bring 
you and your team good luck. You watch. 
You'll win tonight...and you'll have an even- 
ing you'll never forget." 


SWORN STATEMENT 
I have read the facts regarding my ex- 
perience on May 6, 1987 with Mr. Sugar- 
man at Shea Stadium and the statements 


made herein are the truth and happen- 
ed exactly as e i^ j 


Fez i. A Et. aler E 
Keith Fernandi T d 


I don't know why I was compelled to say 
that. But that evening, the Mets broke a los- 
ing streak and won a big game and Keith 
was named team captain—the first team 
captain in Met's history. 


Keith now wears BluBlockers before 
every Mets game. “I’m not superstitious,” 
says Keith, “but after one of the most in- 
credible evenings of my career I can’t think 
of a better pair to wear." 


The rest is history. Keith wears Blu- 
Blockers all the time. He loves them. ''I see 
clearer, sharper and I look great in them. 
The girls love them too.” 


BIG GUARANTEE 

Obviously, I can't guarantee that 
BluBlockers will bring you the kind of good 
luck they brought Keith. But I can 
guarantee one thing. If you order a pair, you 
will see clearer, better and sharper than 
with any other pair of sunglasses you'll ever 
wear and you'll be protecting your eyes by 
blocking out the harmful UV light. 
BluBlockers will become the best pair of 
sunglasses you'll ever own. 


BluBlockers come in two versions. One is 
an anodized high-tech aluminum pair with 
a flexible spring hinge that compares with 
many $200 imported frames and the second 


is our precision plastic pair. Both look | 
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identical to the pair Keith wears. There is 
also a high quality clip-on model that fits 
over prescription lenses. Each pair has high 
quality Malenium-99r« lenses which add to 
their clarity and sharpness. The lenses also 
have a hard, anti-scratch coating. 

Each pair comes complete with a padded 
carrying case, instructions and a one-year 
limited warranty. If anything ever happens 
to your BluBlockers during that first year, 
just return them for a prompt replacement. 
Return instructions come with each pair. 


I urge you to order a pair during our one- 
month trial period. When you receive your 
BluBlockers, put them on and notice im- 
mediately how everything takes on a 
3-dimensional look. See how much clearer 
and sharper objects appear. Notice how 
comfortable the glasses feel and easily con- 
form to your face and examine the quality 
of the frame. 


DRAMATICALLY DIFFERENT 

Then compare BluBlockers with any other 
pair you own. BluBlockers must be 
dramatically different and better than any 
pair you own regardless of price, or return 
them anytime within 30 days for a prompt 
and courteous refund including the $3 
postage and handling charge. 


Keith has his good luck charm and I have 
mine. It seems that every time Julie appears 
in one of my ads, it does well. Order a pair 
of. BluBlockers at no obligation, today. 


| and ask for product by number shown below 
| or send a check plus $3.00 for delivery. 


| Aluminum Deluxe (0029PS2) .. .$69.95 
Clip-On Model (0028PS2) ....... pes 
mibi 9.95 


Precision Plastic (0031PS2) 


One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 323-6400 


IL residents add 7% sales tax. OJS&A Group, Inc.,1987 


Ford Mustang GT (top) has a fast-act- 
ing power-top that puts wind in your 
hair quickly and quietly. Toyota Celica 
GT (center) sports a power top with a 
soft liner and glass rear window for 


After the strip numbers were collected, 
I spent several spring weeks getting 
a cool head, charged nostrils, and 
tanned gums while examining first- 
hand the top-down fever that has 
seized car buyers. 


Pop-top performance 


Sawing the roof off a vehicle has lit- 
tle to do with straight-line perfor- 
mance, even with weight-adding 
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hardtop-like interior quiet. Chevrolet 
decided the Camaro Z28 (bottom) top 
didn't need a power assist. Most of our 
testers agreed. Others, however, felt a 
$20,000 soft-top should fold itself. 


chassis reinforcement and power-top 
mechanisms. At least that's what I 
found after comparing acceleration 
numbers with previously recorded 
hardtop performances. 

The first car to spin its tires for me 
was the Toyota Celica GT convertible. 
But with only 115 horsepower—com- 
pared with the Camaro's 170 and Mus- 
tang’s 225—I expected a cute open- 
air cruiser barely able to get out of 


ACCELERATION 0—60 (sec.) 


CHEVROLET CAMARO 228 
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FORD MUSTANG GT 


TOYOTA CELICA GT 
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BRAKING 60-0 (ft.) 


TOYOTA CELICA GT 


100 125 150 175 200 225 


HANDLING (mph) 


FORD MUSTANG GT ' 


TOYOTA CELICA GT 


50 55 60 65 70 75 80 


MANEUVERABILITY (mph) | 


TOYOTA CELICA GT 
20 25 30 35 40 


its own way. The Celica GT soft-top 
lacks the 135-horsepower engine avail- 
able in the Celica GT-S hardtop, but 
this is no pussycat. Although the more 
powerful GT-S ran to 60 mph in 9.2 
seconds in our October '86 car test, 
the GT convertible was just a tick or 
so behind at 10.6. And along with re- 
spectable engine power, the small 
high-revving four is exceptionally 
smooth and quiet. Shift quality and 
clutch performance are typically Toy- 

ota...light and precise. 
The Camaro Z28 and I developed a 
Continued 


" 
B Train for the Fastest Growing Job Skill in America 

|! Only NRI teaches you to service all computers 

. | as you build your own fully IBM- AM 
` | compatible microcomputer 


= With computers firmly established in 
offices—and more and more new 
applications being developed for every 
-| facet of business—the demand for 
trained computer service technicians 
surges forward. The Department of 

~ Labor estimates that computer 
service jobs will actually double in the 
next ten years—a faster growth rate 

i than for any other occupation. 


3 Total systems training 


No computer stands alone... 

it's part of a total system. And 

if you want to learn to service and 
repair computers, you have to under- 
stand computer systems. Only NRI 
includes a powerful computer system 


as part of your training, centered | 
around the new, fully IBM-compatible | P TRE 
Seri ] rs _— systems training includes all of this: 
- ae " "ri " LAPSI iki io Lab’ to design and moy — ? 
s part of your training, you our-function digital multimeter with walk-you-through instruction on 
mM . audio tape * Digital logic probe for visual examination of computer circuits 
build this highly rated, 16-bit IBM- * Sanyo 880 Series Computer with * keigan kapad and id 
v. iR t |  double-density, double-sided disk drive + High resolution monochrome 
compatible computer system. You EE monitor. BK ROM, 256K RAM ° Bundled software includingGW ——— 
assemble Sanyo S intelligent key- | BASIC, MS DOS, WordStar, CalcStar * Reference manuals, schematics 


and bite-sized lessons. 


board, install the power supply and 
disk drive and interface the high- 
resolution monitor. The 880 Computer | of the most popular 


has two operating speeds: Standard software, including eid i Pulls 


|! school that trains you as 


IBM speed of 4.77 MHz and a WordStar, CalcStar, | youssserbie a top-brend 
remarkable turbo speed of 8 MHz. GW Basic and MS ud OU m logic 


probe, you'll assemble the 


It's confidence-building, real-world DOS. "intelligent" keyboard. . . 


experience that includes training in Send for 100-page D $ i 
programming, circuit design and p" e 


peripheral maintenance. free catalog EM v — Egg then install 
No experience necessary — reply card today for MEE: checking all 
NRI builds it in NRI’s 100-pagé, full-color catalog, pio eed 


tions with 
NRI's Digital 
Multimeter. 


Even if you've never had any previous | with all the facts about at-home 
training in electronics, you can succeed | computer training. Read detailed 


with NRI training. You'll start with | descriptions of each lesson, each | r y ad Aa 1 : D. 4 youl MAS oh 

| the basics, then rapidly buildonthem ^ | experiment you perform. Seeeach | “Sil sf = | to install the 
to master such concepts as digital piece of hands-on equipment you'll car ane 
logic, microprocessor design, and | work with and keep. And check ; 
computer memory. You'll build and out NRI training in other high-tech 
test advanced electronic circuits using | fields such as Robotics, Data Com- APFrEP...... 
the exclusive NRI Discovery Lab®, munications, TV/Audio/Video McGraw-Hill Continuing Education Center 
professional digital multimeter, and | Servicing, and more. 3939 Wisconsin Avenue, NW a, 
logic probe. Like your computer, Ifthe card has been used, write to Wishogfn, a AER H " 


We'll Give You Tomorrow. 


NRI Schools, 3939 Wisconsin Ave., 
N.W., Washington, D.C. 20016. 


they re all yours to keep as part of 
your training. You even get some 


IBM is a Registered reru of International Business 
Machine Corporatio 


Performance ragtops continued 


POPULAR SCIENCE TEST RESULTS - 


TEST RESULTS 
Acceleration (sec.) 
0—30 mph 
0—60 mph .. 


Brake test, 60-0 mph —=*™* 
Stopping distance (ft.) |... 


Pedal pressure, cold (Ibs. ) 
(0.5-G stop) .. 


Pedal pressure, hot (Ibs.) 6 


(0.5-G stop) .. 
Handling test (mph) . 


Maneuverability test (mph) a ae 


Interior noise (dBA) 
At idle (top up, down) 
At 60 mph (top up, down) 


EPA FUEL MILEAGE (mpg) 


Highway [Ere RSE eRe RO STRESSED 


Overall length .... 

Overall width 

Overall height 
SPECIFICATIONS (as tested) 
Engine type . 


Displacement (cu. in. “HMiters) .. DUAL; 


Net horsepower © rpm |... 


Net torque (Ib.-ft.) & rpm 
Transmission i 


Turn diameter (ft.) 
Front suspension 


Curb weight (Ii 
F/R weight distribution (36) ... 


Fuel tank (gal.) ............. ros said : 


Trunk volume (cu. ft. ) 
Base price 


Price as tested (less freight) .. 
n.a.: Not available at press time 


Major options (over $100): !Z28 Convertible 
$150, P215/60R-15 S/B radials $102; “climate control-A/C $788, special value p | 
speed control) $519, custom equipment (power windows, graphic equalizer) $514; INC $795, AM-FM MPX ETR radio- | 
cassette and graphic equalizer $420, aluminum wheels $360, power windows $220, cruise control with intermittent | 


37.6 


MacPherson struts. 
with coil springs 
essen axle with 


zwipers $205, black cloth convertible top $100 


PS serviceability ratings 
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100.5 
179.3 
69.1 
51.9 


V8 


| 302/5 
| 9.0:1 
| EFI 
| 225 & 4,000 


300 & 3,200 
5-speed manual 
2.73:1 

Power, rack and 
pinion 

41.2 

MacPherson struts 
with coil springs 
Four-bar-link live *hersor 
axle with coil springs with coil springs 


Disc-drum Disc-drum 


| 59/41 62/38 
15.4 15.3 


6.4 
$15,852 


ma. 
$17,498? S Ross 


$18,958? 


Option package No. 3 $2,241, black buckets $277, ETR AM-FM stereo 


locks, AM-FM stereo, 


love-hate relationship. The four-barrel- 
carburetor-equipped five-liter V8 pro- 
vided most of the tension. During the 
track tests the engine ran relatively 
well. The blue Z28 averaged 9.3 sec- 
onds during 0-to-60-mph acceleration 
trials. That's good for a 3,376-pound 
car. Looking at the acceleration num- 
bers for the last four-barrel five-speed- 
equipped Z28 tested [April '84], I 
found a 9.2-second average. Unfortu- 
nately, after a respectable performance 
at the strip, the engine soured on the 
way home. At steady highway speeds 
the car coughed and bucked strongly. 
A hand-held diagnostic meter told me 
there was a problem with the on-board 
computer. There was little to do ex- 
cept clean the computer's connections 
and PROM (program read-only mem- 
ory) chip's terminals. Fortunately, 
cleaning did the trick. Whereas the 
idle had hunted between 500 and 1,000 
rpm previously, the tachometer nee- 
dle was now painted on the gauge at 
750 rpm. And cruising was smooth 
and relatively quiet. 

l've saved the best for last. The five- 
liter high-output engine and five-speed 
manual transmission in the Mustang 
convertible duplicated the stunning 
6.8-second 0-to-60-mph blast of the 
Mustang hatchback in the September 
'86 test. And it provided three weeks 
of crisp, trouble-free driving— well, al- 
most. One rainy afternoon the car's 
high-pressure fuel line failed in the 
parking garage. The result was a no- 
start and large pool of smelly fuel that 
justifiably frightened the garage staff. 
But a hose clamp, screwdriver, and one 
white dress shirt later, the car was 
back in action. Other complaints are 
minor: The clutch gets tiresomely 
heavy in traffic; and like the Z28, the 
Mustang GT wont pass the gas pumps 
without a stiff drink. 


Handling and braking 


The Toyota challenged the brake 
lane first. It was not impressive. I felt 
the car lacked tire. Although there 
seemed to be plenty of muscle left 
in the brakes, one of the five stops 
stretched to 212 feet. A respectable 
stop in the test is closer to 160 feet. 
(The GT-S hatchback— which comes 
with wide P205/60R-14 tires—aver- 
aged 162 feet when it was tested.) Why 
doesn't the convertible come with a 
bigger footprint? I asked Toyota. 

“Our '84 and '85 Celica convertibles 
were based on the GT-S version, which 
had very wide tires," explained Don 
Brown, national product planning 
manager. "And that caused some prob- 
lems with body shake set up by the 
heavier wheel and tire." 

The Celica's high- and low-speed 


Continued 


| found a way to 
E INCOME! 


earned $7,700 trom 


SELL 


We ^ 7 my first Pace order...plus financial 


eey worked on an oil drilling crew out west. We drilled 11 

wells one year, every one a gusher! But did I strike it 
rich? Not on your life—I was paid by the hour and struggled 
to feed a growing family. That started me to thinking, Why 
should I do all the work while someone else gets all the 
gravy. 

"About that time I got injured and ended up having to 
move my family to a different area to take a job as a main- 
tenance mechanic. That idea of controlling my own destiny 
kept gnawing at me. By now I had five children with extra 
expense of about $2,400 a year sending the oldest one to a 
speech and hearing center. 

"How could a guy like me save up enough money to start 
my own business? To get into most businesses you have to 
own a corner of Fort Knox. IfI could only ease into a business 
without giving up the regular salary I had to count on to put 
food on the table. And without making any investment. As 
long as I was dreaming, wouldn't it be great to find some- 
thing where every single spare time order could bring in 
really big extra money. 

"Sound like the impossible dream? Well, I had seen a Pace 
Products story about a man who earned $4,154.65 on just one 
Seamless Spray order. And he didn't have toinvest a penny.I 
sent for the free information. Believe me, when I received 
their literature and saw how easy their field-tested sales kit 
made everything—I knew it could all be more than just a 
dream. I decided to become a Pace distributor. And it was the 
best decision I ever made. 


YOU NEED ABSOLUTELY NO EXPERIENCE 

"Now I haven't mentioned anything about Pace—I’ve 
saved the best for last. As you know, it costs a fortune these 
days for schools, hospitals, plants and other commercial 
buildings to have roof contractors repair or re-do their roofs. 
Pace saves them that fortune—by-passing the contractor. 
The building owner uses Pace's Seamless Spray process to 
apply Pace Roof Renewal Sealant right over the old roof. The 
cost is so low, the proven results so satisfactory for such 
well-known firms as General Motors, American Airlines, 
Holiday Inns and hundreds more, that there is little if any 
sales resistance. 

"Pace ships the Pace Seamless Spray equipment on Free 
Loan. The customer pays only for the roofing products from 
Pace. His own men apply it. And the clincher—I would get 
my big commissions up front. Paid in advance. Weekly. 


"With my mechanic's job, I was able to start out with Pace 
in my spare time. I didn't know a thing about roofs, but Pace 
told me everything I had to know. They showed me how easy 


security in my own business. 


1st person story by Tedd Mainwaring 


itis to set up a business and keep it running profitably. So all 
I had to do was go out and find somebody with a leaky roof, 
and tell him about Pace products. 

"Quite frankly, my first prospect didn't buy. But I made a 
callfor a school building with a roofthe size of a football field. 
They called it the "Bucket Leaker," because every time it 
rained they had to put out buckets—in classrooms, hallways, 
even the cafeteria—to catch the water. I got the job and 
made $7,700 on it. 

"That school building is now leak-free for the first time in 
25 years, so they had me do five other roofs with Pace's 
Seamless Spray. I was on my way. Today my family and I are 
enjoying a life we never thought possible before—all thanks 
to my accepting Pace's invitation to return that little coupon 
in the ad I read." "^ i 

S kd 1 i CP 
MAIL COUPON TODAY FOR 
FREE FACTS—NO OBLIGATION 

Would you like to earn big money, starting out in your 
spare time, like Tedd Mainwaring? Would you like the free- 
dom and independence of your own business? It can be yours. 
Let us mail you the facts. Simply send in the coupon below 
and we'll rush you all the details. There's no obligation. No 
salesman will call. 

Our field-tested sales kit gives you all the know-how you 
need to get into the Pace business. There's no waiting, no 
training needed. And no investment required. You can get 
into the Pace business that offers a way to make $1,550 or 
more on one sale—even up to $7,700 like Tedd 
Mainwaring—and more! 

This is your once-in-a-lifetime opportunity. Get all the 
facts. Study them in the privacy of your own home and then 
decide for yourself. But don't delay. Mail the coupon now. 


PACE PRODUCTS, INC., Dept. PS-887 

Quality Plaza, 112th & College Blvd. - 

P.O. Box 10925, Overland Park, Ks. 66210 

WITHOUT OBLIGATION send free material that tells how 

I can have my own Pace business. No salesman will call. 
PLEASE PRINT 


Name 


Address 


City 


BIO. — o a 
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Attack the B 
_ Detend the a 


Removing layers of paint from 
wood is difficult. Removing the 
paint without harming the wood may 
be one ofthe world's toughest tasks. 

Homer Formby has the 
solution: Formby’s” 
Wood Formula Paint 
Remover. 

Independent tests 
show Formby's Wood 


handling tests seemed less affected by 
either reduced chassis rigidity or the 
smaller tire-contact patch. Compared 
with the GT-S, the GT soft-top was 
only 0.4 mph slower through the 70- 
mph lane change. In the low-speed 
slalom the convertible was 1.8 mph 
slower, a noticeable but probably un- 
important difference to most drivers. 

The convertible Camaro seems to 
have made the transition from hard- 
top to soft-top with the fewest brak- 
ing or handling concessions. That's a 
tribute mainly to ASC Inc., in Wyan- 
dotte, Mich., which chops the Chevy 
T-top Camaros. Wearing the same 
Goodyear Eagle GT P215/65R-15 tire, 
but about 200 pounds heavier than the 
228 hatchback tested in April '84, the 
convertible posted a strong 168-foot 
stopping average, with two of the five 
averaged stops as short as 163 feet. 
This compares with a 181-foot slide 
posted by the hatchback at the old 
Bridgehampton Race Circuit test site. 

As it did in the brake test, the con- 
vertible showed an improvement over 
the hatch version in the high-speed 
handling test. Although it gained a 
barely significant 0.6 mph over the 
hardtop, the car's speed strongly in- 
dicates theres no performance loss. 
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Performance ragtops continued 


Formula Paint Remover is better at 
removing layers of paint than the 
most commonly used brands. And 
it wont raise wood grain or dis- 
color the wood. 
Formby’s Wood Formula 
Paint Remover 1s the 
one to use on wood. 
Homer has done 
it again. 


$1987 Thompson & Formby Ine, 


Although I didn’t notice any maneu- 
verability deficit during my month 
with the car, the low-speed tests gave 
the nod to the hatchback. In 1984 at 
Bridgehampton, the hatchback was al- 
most 2 mph quicker through the same- 
size slalom course. 

The only areas in which the Ford 
Mustang GT didn't manage first place 
were braking and noise. The Mustang 
came in second in braking with a four- 
stop average of 176 feet. The hatch- 
back's stops in our September '86 test 
averaged 173 feet. Neither result is 
spectacular, especially considering the 
car's exceptional engine performance. 

The Mustang took top slot in the 
high-speed test, but the convertible 
also lost the most to its previously 
tested hardtop counterpart. Of course, 
only the most serious driving enthu- 
siast would quibble about a 1.4-mph 
handling gap. The same is probably 
true of the hardtop's 0.7-mph edge in 
the low-speed slalom. 


Drop 'em 


"Drop the top and cruise down Easy 
Street," sings Aretha Franklin in 
"Freeway of Love." 

Sounds good to me, so to find out 
how smoothly this trio operates I 


tested for ease of raising and lowering 
tops, overall comfort, interior noise, 
ease of instrument reading, and con- 
trol convenience. 

Celica buyers will get first-class con- 
vertible accommodations. For instance, 
Celicas are equipped with power-oper- 
ated tops that feature a liner and glass 
rear window. The effectiveness of the 
liner in dampening sound is apparent 
from the interior sound-level measure- 
ments. With the top down, the wind 
provides an 84-dBA noise level. With 
the top up, the noise level drops to a 
highly acceptable 67. The front buck- 
ets are firm without being hard, and 
they're gently contoured to hold the 
driver and passenger in place. The 
rear bench seat is the automotive 


| equivalent of a love seat: Shoulder 


brushing is mandatory when two pas- 
sengers share it. And rear leg room 
is minimal—even for short people. 


| Reading the large tach and speedo 


cluster is a snap at night or in bright 
sunlight with the top down, and the 
controls are conveniently located. 
Despite a $20,000 sticker, Chevrolet 
decided not to put a power top on its 
convertible. But once you practice the 
folding procedure a few times, top- 
flopping by hand is a snap. After a 
month, I could put the top up with 
the windows closed in 25 seconds. And 


| l'm sure that that time could be im- 


proved on. The comfortable buckets 
are covered with black cloth with gray 
piping on the seams. Because there's 
no power-top mechanism, there seems 
to be only a small loss of rear seating 
space. The instruments are big, round 
gauges with easy-to-read needles. And 
all of the controls fall easily within 
reach of the driver. 

Flip the two header levers above the 
windshield and stab the power-top 
switch on the edge of the instrument 
cluster, and it's open-air motoring in 
the Mustang GT. Flip the switch the 
other way, and the top climbs over 
your head. Pull the top down tightly 
against the windshield header and flip 
the locking levers to seal it up. Inside, 
the interior is virtually the same as 
the hardtop's. Of course, like its sis- 
ter convertibles, rear-seat space suf- 
fers slightly. The other areas that may 
suffer are your ears. I enjoyed the 
sound of the oversized exhaust on the 
Mustang, but the car was easily the 
nolsiest in the test, top up or down. 


Author's choice 


My favorite? The heart of any car 
is the power train. Best power train 
in this contest is the Mustang's. Com- 
bine that with reasonable cost, a good 
convertible top, and strong perfor- 
mances in every test except braking. 
Make mine Mustang. 
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Baseball is for robots 


Batting averages, RBls, strikes, outs, 
strikeouts... while there are numbers 
to explain just about every facet of the 
game of baseball, none explain the 
mathematics of the pitch. So far. 
But Ron Huston and Tim King of 
the University of Cincinnati are work- 
ing on it. According to them, the 
pitch's mathematical explanation and 
analysis of other athletic throwing mo- 


tions might be applied in designing | 
more graceful and energy-efficient ro- | 


bots in the future—the far future, that 
is. 

"The baseball pitch is the most com- 
plicated of all throwing motions," says 
Huston, a professor of mechanics. He 
and King, a department instructor, are 
studying throwing motion as part of 
a larger research project on the dy- 
namics of multi-body systems, an area 
of physics they say has been largely 
ignored. 

"Pitching involves being on two feet, 
then on one, and then back to two feet 
again," King notes. “It involves almost 
every limb of the body, including the 
toes. A pitcher goes through a lot of 
twisting and stretching movement." 
Quantifying this complex movement 
and applying it to robotics, he says, 
may mean robots that move more like 
humans. "Dr. Huston and I think that 
humans basically optimize the way 
they do things. The long-term goal 
is to apply these ways in building 
less ‘jerky’ and, hence, more energy- 
efficient robots." 


The way they're formulating the | 


pitching equation, says King, is by 
"working backward": from a baseball 
crossing the plate at a certain speed 
and spin to determining where such 
speed and spin came from. 

But those numbers will take a 
while. Having just finished analyzing 
the dart throw—the simplest throw- 
ing motion because its only aim is 


precision— King and Huston are now | 
working on the basketball foul-shot | 


throw. “I’m in the process of comput- 
erizing the movement of the hand that 
does the shooting," King says, “but the 
program's not working out the way I 
thought it would." 

In the meantime, the two are look- 
ing at some intriguing questions. They 
have found, for instance, that muscle 
mass has little to do with athletic per- 


formance. "Performance in throwing | 


is not related to stature," says Huston. 
"It comes down to technique. 

"We've also observed that whenever 
we have an optimum throw, with the 
thrower expending the least amount 


of energy, we find a circular graph sig- 
nifying smooth movement." Adds 
King, "Our feeling is that if we plot 
a robots movement, it won't be as 
smooth." 

Robotics will not be the only bene- 
ficiary of the baseball equation. 
Coaches and athletes, in understand- 
ing the mechanics of human move- 


Oppo", 


Are you a do-it-yourselfer? 
Or a builder? This is your op- 
portunity to start your own 
business! 

Become a distributor for 
Tri-Steel— America's largest 


"Sweet 
| BEBERBEHI 


n" 


Industry Leader 


much like a giant erector set 


Gemini— one of Tri-Steel's erum nds steel bane evene 


ment, may be able to improve athletic 
performance. Says King: "Right now, 
we have a redundant amount of free- 
dom; there are a million ways to go 
from points Ato B. But there are prob- 
ably two or three optimum ways to 
do it." Their objective, he says, is to 
quantify the creative art of human 
movement.—£Eduardo R. C. Capulong 


manufacturer of strong, energy 
efficient (R-30), low mainten- 
ance steel frame homes. 

Investment opportunities 
start at only $2,950 and are 
backed by Tri-Steel's training 
and support programs. 

For a FREE BROCHURE 
and more facts on how you can 
become an independent dis- 
tributor of steel frame homes, 
please call Tri-Steel today, toll 
free at: 


r——H- 
or 1-800-433-5553 fL 


TX 1-800-772-5909 
Ti-Steel 
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Changing the way America builds. 
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Pontiac’s show car may look fantastic, but 
much of what's under the Pursuit's plastic 
skin is destined for the showrooms. 


By DAN McCOSH 
Detroit Editor 


ripping the weird two-handled steering wheel and 
peering through the inevitable distortion created 
by the steeply slanted windshield of the Pontiac 
Pursuit, I couldnt help feeling that I was trapped in a 
science-fiction sequel. Although the Pursuit is the latest 
General Motors Corp. show car, it looks like just one more 
of those ground-skimming bubbled-topped coupes that have 
dominated "future car" projects since the 1950s. 

But the Pursuit is more than a futuristic rerun. It was 
created by Pontiac's special projects group, headed by John 
Sawruk, from a hodgepodge of off-the-shelf components 
produced by various GM divisions, most of which are close 
to production. The result is a show car that demonstrates 
features likely to emerge on Pontiac models in as little as 
two years. Indeed, the Pursuit uses several subsystems 
that are getting a final polishing prior to production by 
GM components groups. 

The two-handled wheel, for example, turns a 24-volt all- 
electric steering system being developed by GM's Saginaw 
Steering Gear Division. On the Pursuit, it's used as part 
of a "steer-by-wire" system. "There's no mechanical link 
between the steering wheel and steering gearboxes. It's 
all done with electronics," said Sawruk. “Conceptually, it’s 
much the same as the fly-by-wire in an F-16 fighter." 

Sawruk admitted that true steer-by-wire is far from 
production-ready. But the same steering gear, backed up 
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Though the Pursuit echoes the bubble-top styling of previ- 
ous General Motors show cars, it actually uses a Fiero-style 
space frame, visible around the roof opening. Under the 
hood is a 200-hp engine based on that from the Sunbird. 


— c 


by a mechanical shaft, will be the 
basis of an all-electric power-steering 
system expected soon from GM. 

The engine, too, is close to produc- 
tion. Power for the Pursuit comes from 
a two-liter 16-valve turbocharged in- 
tercooled four being developed in Eu- 
rope by GM's Opel division. "Basically, 
its the existing Pontiac Sunbird en- | 
gine with a production-design sixteen- 
valve head," said Sawruk. Rumors are 
that something similar will be intro- 
duced in the US. market within a year 
or two. 

Even the unusual mounting, with 
the engine laid flat for a lower hood 
line, is familiar to Pontiac engineers, 
Sawruk said. “In motor sports, for dirt- 
track racers, we lay the four-cylinder 
motors on their sides." 

The four-wheel-drive chassis is | 
based on the current Muncie-Getrag | 
five-speed, and incorporates anti-lock 
brakes and traction control that work | 
on all four wheels. This sophisticated 
four-wheel-drive system is now a front- 
runner in the race to tame high horse- 
power for future cars. 

The search for extreme aerodynamic 
efficiency led to a three-inch ground 
clearance, which can be supplemented 
via a Delco air suspension. Aero con- 
siderations also led to the movable 
wheel fairings, an idea unlikely to win 
friends in the snow belt. 

Structurally, the Pursuit is built 
around a space frame similar to that 
used in the Fiero. Although blacked- 
out pillars give the Pursuit a bubble- 
topped look, the doors open normally, 
and the removable roof is not too dif- 
ferent from that on the Corvette. | 

The Pursuit’s instrumentation fea- 
tures three cathode-ray tubes, which 
display a bewildering array of data, 
including a travel guide, calendar, nav- 
igational system, and weather moni- 
tor. A video camera and CRT replace 
the inside rearview mirror. Rear seat- 
ing includes two TVs and one built-in 
child safety seat. 

Sawruk says the Pursuit represents 
something only slightly beyond today’s 
technology. “It’s in the same vein as 
Trans Sport,” he said, referring to last 
year’s show van, which has since be- 
come the basis for the APV 200 pas- 
senger van slated to appear in show- 
rooms in 1989. “These concept cars are 
a vision of what the future at Pontiac | 
is really going to be.” 

Indeed, four-wheel steering, compu- 
terized suspension, and proportional 
four-wheel drive all will be on the 
market soon, offered by Honda Motor 
Co., Mazda Motor Corp., Ford Motor 
Co., Daimler-Benz AG, and other car 
makers. If, as Sawruk said, the Pur- 
suit represents Pontiac’s future, then 
GM won't be far behind. Gs] 


SMART AUTO. 
The easy way 


to clean and protect '- G d 4 
your engine. 


ENGINE CLEANER 
AND DEGREASER 
MSYOURENGINE IN MP 


You wash and wax your car so it'll look 
good. So that "new car" look will last as 
long as possible. 

But when it comes to lasting, what 

INE- really counts is your car's engine. Be- 
Euer JU cause an engine that's clean and pro- 
cup M FIRE — tected runs better—and longer. 

E LOWE Ss And that’s why you need The 

SLT IDE E S M | Steam Team. Steame Engine Cleaner 
| | and Steame Engine Shines. From 
Gumoute. 

Their names tell you exactly what 
they do. And you won't believe how incredibly easy it is! Just spray Steam 
Engine Cleaner on your warm engine. On contact, it cuts through layers of 
engine grease— without any elbow grease! Wait ten minutes, and wash it 
off with a hose. You won't believe how clean your engine looks! 

But clean isn't as effective as clean and protected. 5o complete the job, 
and seal out the dirt, with Engine Shine. 

After your engine cools and dries off, spray everything under the hood 
with Engine Shine. Its protective coating of high-temperature silicone res- 
ins breathe with your engine. When the coating dries to a tack-free high- 
gloss finish, your engine's protected from grease and dirt buildup. It also 
preserves your belts, ignition wires, radiator hoses, and other rubber com- 
ponents. And that's the beauty of Shine. 

Extend the life of your car with Steam Engine Cleaner and Steam 
Engine Shine. 

Because getting your engine clean—and keeping it protected — takes 
real Steamwork. 


THE STEAM TEAM. Cleans and Protects Your Engine. 


Quality Products of the Pennzoil Products Company. Conia c» 
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Customers who demand the most 
from their vehicles rely on 

* Motorcraft batteries. Thats why 
you'll find a rugged Motorcraft 


Motorcrafi 
batteries. 


TOUGH Ford Truck 
- They’ 

GET GOING. — im 
designed 


$ t specifically for 

. improved cold- 

» cranking power. 

ier you re off the 
road, on the water, at the farm, 
or in your garage, Motorcraft 
makes a quality-built battery 
to get you started. And a full 
line of reliable Motorcraft 
parts to keep you going. 


Motorcraft from Ford 


EXCEEDS THE NEED 


T MS Tested Tough or Tested Tough 
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When Naomi Freundlich, John Free, 
and I began looking into the subject 
of bugging, we ran into problems. Gov- 
ernment agencies, who know all about 
bugging and countermeasures and 
counter-countermeasures and tricky 
things governments do to try to out- 
| wit each other, wouldnt talk. They re- 
fused even to see us. That was no 
| surprise. 

So we looked elsewhere. There is, 
we reasoned, an active and healthy 
private bugging industry—companies 
that sell bugging equipment. We fig- 
ured that if we could learn about their 
equipment, that would give us clues 
about the state of the art in this field. 
Then perhaps we could tie that infor- 
mation to the sketchy reports that 
have come out about the bugging war 
between the United States and the 
Soviet Union. It didn't work. It 
turns out that bugging—except under 
highly controlled conditions—is ille- 
gal. So nobody selling bugs would talk; 
in fact, nobody would admit to such 
dealings. The one situation where 
bugs can be used legally occurs when 
law-enforcement officers get a court 
order allowing them to place a sus- 
pect under surveillance. But, we 
learned, companies that legally sell 
equipment to the police refuse to talk 
or show their wares to anyone except 
those authorized to buy them; that is, 
law-enforcement officials. 

Nevertheless, we were able to dig 
up an amazing amount of information. 
And we learned an astonishing thing: 
Despite the high-tech image of the 
field, most of it is based on the appli- 
cation of relatively simple, well-known 
technology. Let me explain. 

One of our best sources was the in- 
dustry that protects private companies 
| and individuals against bugging, the 
companies that come in with highly 
sophisticated gear and sweep an office 
or meeting room to make sure it con- 
tains no bugs. Such companies—com- 
pletely legal—are often happy to talk | 
about what they do. And in the pro- 
cess of talking about how they spot 
bugs, they give considerable details 
about the bugs themselves. After all, 
to find them, you must know what 

you're looking for. 


What's News 


We also got information from some 
textbooks. The books are used in 
schools that train anti-bugging ex- 
perts, the people who do the sweep- 
ing. Those texts contain much in- 
formation about the state of the art 
when it comes to modern bugs. 


| Homemade bugs 


From these sources we learned that 
highly effective bugs can be made 
from small wireless mikes available 
on the market for legitimate purposes. 
Smaller, easier-to-conceal devices— 
though illegal—can be bought in 
many places. We were also surprised 
to find that it does not take an ad- 
vanced electronics laboratory to make 
extremely small, advanced bugs. In 
fact, any handy person with some elec- 
tronics background could build one in 
a well-equipped home workshop. We 
uncovered plans for building a bug 


| hardly bigger than a pencil eraser. 


They were in a manual used to train 


| security professionals. The object was 


not to help people build such bugs, 
which are undoubtedly available to 
law-enforcement officials through legal 
channels (and no doubt to others from 
illegal ones). They serve, instead, to 
show anti-bugging technicians what 
they're up against. 

We had also seen news stories about 
perhaps the most high-tech device 
around, one that bounces a laser beam 
off a window pane to listen in on con- 
versations going on inside a closed 
room. We learned that it, too, is not 
as sophisticated as we thought. It 1s, 
in fact, fairly simple to build using 
an easy-to-obtain off-the-shelf laser 
made by General Electric and an am- 
ateur telescope from the Edmund 
Scientific catalog. 

Computer bugging is another art 
that has been whispered about, but 
about which little has been forthcom- 
ing. It has been assumed that highly 
advanced electronic listening posts 
would be needed. At first, our attempts 
at getting information from those 
charged with making computers se- 
cure—both national security officials 
and computer manufacturers who de- 
velop the techniques for them— were 
to no avail. Then we found that a 


| Dutch computer expert had published 
a paper in an obscure journal telling 
how easy it is to tune in on a com- 
puter from blocks away, using about 
$500 worth of equipment that anyone 
familiar with what goes on inside a 
television set could build. We also 
found out that an enterprising re- 
porter for the British Broadcasting 
Corporation had got such a rig to- 
gether and given an amazing demon- 
stration of unauthorized tapping of 
| confidential computer information. 


What about micro-mikes? 


At first, we had trouble learning 
about the tiny microphones like the 
one on the cover. We got that one from 
a source who gave it to us on the con- 
dition that he not be identified. But 
how does such a miniature device 
work? No one would discuss it as long 
as we called it a bug. We took it apart 
and examined it under a low-powered 
microscope. We could see what was 
| there, but what was it? 

Then, inspiration. Where does such 
a microphone appear routinely in an 
innocent, legal function? Who makes 
them by the millions? The answers: 
1) In tiny slip-in-the-ear hearing aids. 
2) The hearing-aid industry. Represen- 
tatives of this industry were happy to 
supply us with technical details of | 
their products. 

So little by little, the picture began 
to emerge. With the accretion of clues, 
we were able to put together an ac- 
count of the basic technology behind 
the widely publicized bugging war. 
There certainly are details that are 
and will be kept secret by those 
charged with the responsibility for 
national security. But an amazing 
amount can be learned when informa- 
tion from multiple legitimate sources 
is assembled into a coordinated pic- 
ture. The report starts on the cover | 
and continues on the next page. 
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[ Continued from cover] 
which they are based. Almost nothing has been written 
about how some of the most interesting equipment works. 

What kinds of bugs are available? How are they put in 
place? Detected? Designed to avoid detection? What about 
tuning in on the computer down the block to learn the 
secrets it contains? Bugging typewriters? Bouncing laser 
beams against window panes? 

In the larger picture, what is happening in the bugging 
war between the superpowers? What did security officials 
find in the Moscow embassy? 

Most of this information is classified. Yet much can be 
learned. Today, snooping is big business with widespread 
industrial and commercial applications. Companies make 
and sell a remarkable variety of devices. 

In addition, bits and pieces of information have leaked 
from Congressional hearings and from other unclassified 
sources. Those with inside knowledge make occasional 
statements that, combined with what we 
know about commercial equipment, can 
be revealing. From these sources emerges 
a hazy but informative picture of the 
shadowy world of spying. 


The veil of secrecy 


Nobody wants to talk about bugs. The 
Central Intelligence Agency and Na- 
tional Security Agency refused to be in- 
terviewed. Private companies were also 
wary; several prospective sources hung 
up when they learned why we were 
calling. 

Most manufacturers of bugs make it 
clear that they will not talk for publica- 
tion. For example, Intelligence Devices 
Corp. of Fairfield, N.J., advertises 100 dif- 
ferent pieces of security equipment. The 
ad begins: "We supply the most sophisticated electronic 
intelligence devices available to law enforcement, but law 
prohibits us from discussing our products in detail with- 
out the proper written requests.... Complete and detailed 
product information is available only to authorized agen- 
cies upon written request on departmental letterhead." 

Despite such problems, we were able to dig out some 
surprising facts. Among them: 

e Bugs can be made almost any size. The smallest we 
actually saw was the one pictured on the cover. It is a tiny 
electret microphone just ‘16 inch across at its largest di- 
mension. The security expert who gave it to us wouldn't 
say where he got it. 

e Bugs are widely available. Tiny ones undoubtedly used 
in industrial espionage can be bought openly in some Eu- 
ropean and Asian cities, though they're illegal there as 
here. Easily available even here, however, are wireless mi- 
crophones smaller than a cigarette pack. They have legit- 
imate uses, but also can be used for bugging. 

e Bugging experts use dozens of methods to keep their 
devices from being detected, from planting them in elec- 
tronic equipment to wiring them with the latest in fiber- 
optic technology. The Soviets planted thousands of false 
bugs in the now infamous U.S. embassy in Moscow to con- 
fuse sweeping attempts. 

e While the CIA and FBI undoubtedly bring the latest 
in electronics technology to bear in acquiring supersmall, 
difficult-to-detect devices, surprisingly sophisticated bugs 
are relatively easy to build. We obtained plans for the 
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so-called “martini olive" bug that received considerable 
publicity several years ago. It can be built in any reason- 
ably equipped electronics workshop by anybody with even 
a moderate amount of electronics knowledge. 

® Sensitive information in computers is easy to steal; a 
$500 device can tune in on any unprotected computer at 
ranges of perhaps a mile and reproduce anything appear- 
ing on the computer's screen. A British expert recently 
gave a demonstration that left computer users in a state 
of shock. 

€ The highly publicized laser beam that can be bounced 
off a window pane to eavesdrop on voices inside sounds 
flashy, but is apparently of limited usefulness in real 
life. 

€ People who don't want their conversations bugged rely 
on frequent sweeping of sensitive areas. We saw a demon- 
stration of several kinds of advanced equipment used in 


this effort. 

Because of the sensitive nature of the subject, no one 
was willing to come right out and talk in detail about 
bugs and bugging, or even to admit to having detailed 
knowledge. Nevertheless, we uncovered bits and pieces, 
and a picture began to form. Bugs— devices designed to 
eavesdrop surreptitiously on conversations— we learned, 
come in three basic forms. First are units that contain 
both a microphone and a small transmitter. They are hid- 
den in a room and transmit a signal to a nearby receiver. 
If such a unit is tied into a power source— room electrical 
wiring or a telephone line, for example—it can transmit 
indefinitely. And the wiring may also be used to route 
signals from the bug to distant points. 

Second are microphones. Because they can be extremely 
small, they can be hidden almost anywhere. But they re- 
quire wires—which can be smaller than a human hair—to 
conduct the signal to a listening post outside the room. 
Finally, there are passive devices, which sit silent and un- 
observed but which can transmit room sounds when stim- 
ulated by a radio signal from outside. More about this 
later. 

Although all bugs fall into one of these categories, they 
come in a variety of shapes, forms, and sizes. Private in- 
vestigators who talked on the condition they not be iden- 
tified told us that bugs they find are sometimes built on 
small circuit boards, at other times they're simply strung 
together in little balls of wires and components that look 
like a tangle of spaghetti. They can be put in small cases 
or encapsulated in epoxy. Epoxy encapsulation is attrac- 
tive, says a textbook we saw, because such bugs look like 
little blobs of unidentifiable substances and may not even 
be recognized as bugs. Incidentally, the book, Measure by 
Countermeasure, a Textbook on Anti-Eavesdropping, was 


written to train security professionals who attend the 
school conducted by a security company called Microlab/ 
FXR located in Livingston, N.J. It talks about bugs, how 
they work, their sizes and types, and how to find and rec- 
ognize them. 

While some bugs are homemade, others are available 
commercially; you can buy them from radio supply stores 
where they are sold as wireless microphones or baby-sitting 
devices. Several such devices are pictured in this article. 
They cost just a few dollars and transmit a signal that 
can be picked up by an ordinary FM radio. "Lots of people 
are taking Radio Shack wireless microphones and con- 
verting them," says Charles Miller, a technician with Law 
Enforcement Associates, Inc., of Medford, N.J. "Take the 
shell off, and if you're good with your hands you can make 
them pretty small.” “You can find them advertised in the 
backs of magazines," says Rob Muessel, a technical serv- 


ices coordinator for Information Security Associates of 
Stamford, Conn. 

More-sophisticated devices—legally available in this 
country only to law-enforcement officers—are available off 
the shelf in Tokyo, Hong Kong, and at the Frankfurt air- 
port in West Germany. "In Japan they make one trans- 
mitter that's a quarter inch square and about one and 
one-half inches long," says Muessel. 

Bugs can be very small—small enough to be built into 
a fountain pen or stuck into a small hole in the wall, the 
binding of a book, or elsewhere. Harry A. Augenblick, 
president of Microlab/FXR, tells of one clever design. "This 
is a picture-hook bug," says Augenblick, pointing to a one- 
inch-long, '4-inch-diameter spike with a picture hook on 
its flat end. "First you use a tool that punches a hole in a 
wall, then you slip the bug in. After you hang the picture 
back on the wall, you wouldn't know for years that some- 
body had changed your picture hook." 

Another investigator who insisted on anonymity showed 
us a transmitter about the size of a book of matches. "With 
its battery pack this one will transmit for nine days," he 
said. “You can throw one of these guys in a trash can and 
retrieve it later" How far can such bugs transmit? "A 
matchbook-sized device can have a range of a quarter of a 
mile," says Frank G. Mason, president of a Fairfield, Conn., 
security firm that bears his name. 

The variety is endless. Pictures accompanying this ar- 
ticle show a bug that slips into a telephone handset. Pick- 
ing up the handset supplies telephone line voltage to the 
bug, which then transmits anything said into the mouth- 
piece to a nearby receiver. "We once got a call from a guy 
who said every time he picked up his telephone his televi- 
sion picture went blurry," said Muessel. "We never found 
out what that meant because he didn't hire us. But there 


was probably a transmitter planted inside his phone." 

similar bugs can be designed to send out signals all the 
time—even when the telephone is thought to be inopera- 
tive. "Wires are often put in telephones for nonexistent 
intercoms or speaker phones," says Mason. "So there is a 
spare pair of wires." If someone intent on bugging can get 
to a terminal board in that building, he can wire the spare 
pair so that the microphone in the telephone sends a voice 
signal to the terminal even when it is on the hook. "In 
government agencies where the phones must be replaced 
quite often," he says, “they test phones before new ones 
are put in and find that eight out of ten phones are 'hot 
on the hook,’ " 

Another astonishing fact is how easy it is to build very 
small—and very effective—bugs. For example, a San Fran- 
cisco security expert named Hal Lipset won momentary 
fame some years ago as the man who had bugged a mar- 
tini olive. During our re- 
search we obtained plans 
and directions on how to 
build the infamous martini- 
olive bug. 

The plans call for hollow- 
ing out opposite ends of a 
small copper cylinder with 
a lathe, then carefully 
mounting in the two cavi- 
ties about a dozen tiny 
parts—transistors, resis- 
tors, capacitors—available 
from any electronics supply 
house. The instructions de- 
scribe how to cut apart a 
standard alkaline battery 
and use parts of it to con- 
struct a very small battery. 
Finally, a disc made of foil serves as a microphone. The 
instructions say the unit can be made in several sizes, 
including one in which the finished device is approximately 
Wa inch in length and slightly less than that in diameter. 
It will transmit at a frequency of 600 megahertz. 

How do you make it look like an olive? “A case may be 
formed around the unit with fiberglass putty and molded 
to any desired shape,” the instructions conclude. The an- 
tenna is disguised as a toothpick in the olive! 

The most interesting bug we saw was the one pictured 
on the cover, which falls into the second category: micro- 
phones. The bug, a miniature electret microphone, would 
need thin wires leading to a receiving station. That would 
be no problem for someone with access to the target room; 
we were told that the “wires” can actually be two lines of 
metallic paint on a wall, which are then covered by regu- 
lar paint. Such an installation is almost impossible to find. 

Although the term electret, representing an electrostatic 
analogy with permanent magnets, first appeared in 1885, 
a practical device wasn't devised until 1925 (the drawing 
shows its operating principle). An electret is made by po- 
larizing certain waxes or plastics with high voltage: one 
side has a strong positive charge; the opposite side of the 
electret material has an equally strong negative charge. An 
electrical potential is permanently “frozen” into the ma- 
terial. Practical applications of electrets for microphones 
became possible with the development of low-noise transis- 
tors and suitable dielectric—nonconducting— materials. 

Just how small bugs can be is unknown. Frequently 
news reports speak of "pinhead-sized" bugs. Yet there is 
no evidence that bugs that small really exist. It seems at 
least possible that they do not, and that the pinhead esti- 
mate is the result of logical confusion. The electret mike 

Continued 
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contains a tube on one side through which the sound en- 
ters. The hole is approximately the size of a pinhead. Thus 
it 1s possible that the smallest bugs are not themselves 
pinhead sized, but require a pinhead-sized hole in the wall 
through which they pick up sound. Says Mike Russell of 
Sherwood Communications in Southampton, Pa., "Micro- 
phones are usually found in ceilings or mid-level in the 
wall. They're usually behind the wall, with a tiny hole 
the size of a pencil point drilled through." 

Perhaps the most sneaky of all bugs is the passive de- 
vice. It first came to light some years ago when American 
security experts revealed that they were worried about 
low-level microwaves beamed by the Soviets at the Ameri- 
can embassy in Moscow. Now they're reasonably sure that 
these were aimed at mysterious cavities built into the struc- 
ture of the building. 

Steel reinforcing rods or small cone-shaped metal cavi- 
ties can be hidden in the walls during construction. Sound 
waves within the room cause the walls to vibrate slightly, 
distorting these metal structures. If a microwave beam at 
a critical frequency is aimed at such a device, the reflected 
signal is slightly modulated by the sound vibrations. Care- 
ful analysis of the returning reflections can re-create the 
original voice signals that caused the vibration. 

Perhaps the most advanced—and talked about—techni- 
que of all is bouncing a laser beam off a window. The 
window pane vibrates slightly from the sound pressure 
generated by the conversation inside. The returning laser 
beam is modulated by these vibrations, and the original 
voice signals are recovered. 
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When a bug is feared or suspected, the 
first defense is to conduct a room sweep 
with devices that can detect hidden 
transmitters, tape recorders, and some 
telephone bugs. At left, Rob Muessel 
of Information Security Assoc. sweeps 
a wall with a nonlinear junction detec- 
tor, a microwave-transmitting device 
that hunts out semiconductors. Most 
transmitters and tape recorders and 
some telephone bugs contain semicon- 
ductors: diodes or integrated circuits. rn en ME 
An alarm tone in the operator's ear- io Main rc 
phones signals a find. An added plus: io ral vt pacha on 
The transmitter need not be transmit- "pereo 
ting to be detected. Another counter- ig mun om 
measure is to use a radio-frequency vw ili 
scanner (top), which scans the air- 
waves as the operator looks for trans- 
mission peaks. Once the bug is located, 
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One of the textbooks designed to train security person- 
nel contains a section on such devices. It says one can be 
built using a General Electric H1A1 laser, which radiates 
about 35 watts of power in the infrared band. It is pulsed 
with a simple transistor circuit at 10 kilohertz. The re- 
ceiver is an astronomical reflecting telescope bought from 
Edmund Scientific Company. A photomultiplier tube, which 
turns the pulsed infrared signal into a series of electrical 
pulses, is mounted in place of the eyepiece. The output of 
the photomultiplier is then fed to an amplifier to recover 
the voice signal from within the room. 

It is questionable just how effective this technique is. 
Richard Heffernan, vice president of Information Secu- 
rity Associates says the technique probably doesn't work 
too well. He points out that the window pane also vibrates 
from passing traffic and random noise, and picking out 
the relatively low-level voice signals would be difficult. 
Other experts point out that filtering techniques have been 
developed to get clear pictures out of TV signals return- 
ing from space—signals that when they are received are 
buried in and obscured by noise. Such processing might 
dig voices out of the background noise. 


Cleaning up the premises 


While companies are reluctant to talk about bugging, 
they're often happy to talk about their anti-bugging 
activities, which are legal, and which, indirectly, reveal a 
good bit about bugs, too. For example, Microlab/FXR’s 
Augenblick gave Associate Editor Naomi Freundlich 
a demonstration of the company's SuperScout—a $25,000 
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bug detector the company says is used daily by 53 
lesser world governments and hundreds of Fortune 500 
companies. 

"It looks like a cross between a vacuum cleaner and a 
beach-variety metal detector," she reports (see photo). "The 
body of the device is a briefcase-sized receiver, and at- 
tached by long electrical cords is an adjustable boom with 
a flat vacuum cleaner-like head on its end that functions 
as an antenna. Augenblick slung it over his shoulder. 

" "We will find your little tape recorder whether it's on 
or off or even if you take the batteries out of it, he prom- 
ised. Moments before, out of his presence, I had hidden it 
on the lower shelf of the office coffee table under a stack 
of magazines. 

“He switched on the detection device, a nonlinear junc- 
tion detector. Augenblick had explained the operating prin- 
ciple earlier. ‘Normally if I sent a signal out around this 
room, it would bounce off everything and the signals com- 
ing back would all have the same frequency as the one 
that went out,' he said. 'But semiconductors such as tran- 
sistors and diodes are nonlinear devices in which current 
flows more readily in one direction than in the other. That 
means that when SuperScout transmits at exactly one gi- 
gahertz, any semiconductor nearby will generate harmonics 

Continued 


The Soviets allege that bugs, including a transmitter wired 
into a brick from the Soviet embassy in Washington, D.C. 
(above right), and a microphone and transmitter fitted into 
a socket for the master TV antenna from the residence of 
their U.N. representative (right), were planted by U.S. spies. 
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Except for secret high-tech devices 
used by government spies, the common 
bug is ingenious but not terribly so- 
phisticated. El A drop-in transmitter re- 
places the microphone in a telephone 
receiver. It transmits a radio signal 
when the phone is in use and gets its 
power from the telephone line. 
Another small bug, wired into a light 
switch may use AC lines for both 
power and transmission. El Tiny micro- 
phones, one from a hearing aid (left) 
and the other an electret-type (right), 
can be wired into walls or slung into 
the space above a dropped ceiling. B Al- 
though the manufacture, use, and sale 
of bugging equipment is illegal, the 
back of a magazine offers ways around 
the law. Most equipment needed for 
bugs is available in hobbyist shops. El 
FM transmitters were all obtained by 
mail or in shops; battery life: one day. Bl 
and H Ordinary items, an intercom, cig- 
arette pack, and outlet, are disguised 
iransmitting devices. 
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297 Tiny: components inside a 0.2-by-0.2- 


- by-0.09-in. electret microphone ensure 
small size but high sensitivity. The elec- 


ec tret diaphragm (see text) is sandwiched 


A between conducting metal electrodes, 
connected to a transistor. As the elec- 
fret flexes, it generates a current that 

is amplified by the transistor. External 

leads supply transistor power and a 


F Lm a . path to other circuits. 


High-tech bugging techniques—and a costly fix 


1 MICROWAVE INTERCEPTS. Microwave 
dishes used by telecommunication firms relay 
voice and computer signals from point to point 
or back and forth to communication satellites. 
Although the dishes concentrate the beams 
into narrow paths, signals that spill over can 
easily be intercepted at many points along 
the beam path. 

2 PASSIVE BUGS. In 1952, an unusual type 
of bug, a small metal cylinder, was found in 
a decoration at the U.S. embassy in Moscow. 
The cylinder contained no electronics and had 
no source of power, but it apparently relayed 
voices in the room to a Soviet listening post 
outside the embassy. By beaming 330-MHz 
radio waves at the cylinder from outside the 
embassy, the Russians picked up return sig- 
nals modulated by voices in the room, which 
vibrated part of the tiny metallic can. 


3 LASER AUDIO SURVEILLANCE. Because 


laser beams don't scatter and spread like or- 
dinary light, a laser can be focused on a win- 
dow some distance away. Voices in a room 


vibrating the window glass shift the wave- 


lengths of the reflected beam. A receiver in 


the path of the reflection can amplify the 


beam, and a demodulator can separate audio 
from light. A laser surveillance technique that 


avoids most extraneous window vibrations, and 
avoids the difficult positioning of a laser trans- 


mitter and receiver at different locations, 
bounces the beam from objects within a room. 
Tiny flexible reflectors, planted ahead of time, 
can pick up voices and modulate a beam 
reflected to a receiver next to the transmitter. 
4 BURST TRANSMISSIONS. Advanced mi- 


crocircuits now enable devices smaller than 
a calculator to electronically encode, com- 


press, and record information. The recording 


—voices or computer data, for example—can 
then be transmitted in a burst lasting only a 
split second. Such transmissions are very hard 
to detect on radio frequencies. 

5 COMPUTER INTERCEPTS. Computers emit 
radio frequencies that may be intercepted 
some distance away. Decoding gear (see text) 
can then show what appears on the computer 
screen. 

é FALSE BUGS. Nonlinear junction detec- 
tors look much like ordinary metal detectors, 
except they beam radio waves into walls and 


pick up return signals produced when the 


junctions of dissimilar materials such as semi- 
conductors radiate harmonic frequencies back 
to the detector. Well-designed bugs have 


shielding that minimizes penetration of the 


detector beam and greatly reduces the har- 
monic frequencies reaching the detector. In 
Moscow, the Russians have reportedly sown 
the new embassy walls with “junk” junctions, 
complicating sweeps for true bugs. 

7 SHIELDED ROOM. A cure for high-tech bug- 
ging is a specially designed room isolated from 
outside prying. In addition to shielding that 
stops radio-frequency leaks, acoustic baffles 
can absorb voices; ventilation and plumbing 
must also be protected. An elaborate suspen- 
sion system may "'float" the entire structure. 
Such an add-on room has been proposed as 
a partial fix for the heavily bugged new em- 
bassy building in Moscow. 


—that is, it will send back signals in exact multiples of 
the original frequency—one, two, and three gigahertz, for 
example. 

“He methodically swept the head of the antenna up and 
down the office walls, across book shelves, over furniture, 
and finally across the floor—all the while keeping an eye 
on the needle at the top of the shoulder-slung portion of 
the device. 

“Then he began sweeping over the coffee table. The mon- 
itor needle swung to the right and he grinned. ‘There it 
is" he exclaimed triumphantly. 

“Nonlinear junction detectors can be misled—especially 
if electronic equipment containing semiconductors is any- 
where nearby. ‘In the beginning we did some very crude 
things,’ said Augenblick. ‘An operator conducting a sweep 
of former Israeli Prime Minister Golda Meir’s office liter- 
ally tore down her office wall and found nothing. There 
was just a simple radio in the next room, " 

Although a nonlinear junction detector such as the one 
Augenblick demonstrated can find just about any bug con- 
taining semiconductors if used with sufficient care, it is 
expensive and tedious to use. Thus many persons debug- 
ging a site use a device called a scanner, which detects 
RF signals from bugs instead of the circuits inside the 
bug. Naomi Freundlich saw one in action at Information 
Security Associates in Connecticut. She reports: 

“Rob Muessel turned a knob on the VCR-sized receiver; 
at each click he homed in on radio-frequency signals. “This 
instrument can scan signals from twenty kilohertz to a 
thousand megahertz—one gigahertz—and up into the 
seven-to-eight-gigahertz microwave range, he said. At 
one point the scanner screen danced with a whole moun- 
tain range of blue peaks, stronger than any we had seen 
yet. ‘What are you picking up now?’ I asked excitedly, 
imagining us picking up secret transmitted conversations. 
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Muessel turned some dials and a particularly large peak 
appeared on the screen. But instead of satisfying my voy- 
euristic tendencies, strains of Simon and Garfunkel’s song 
‘The Boxer’ came through. We had stumbled across the 
FM mountain range. 

“That’s all that's really involved in using this device,’ 
said Muessel. ‘You just tune through and listen. Tuning 
through and zeroing in on some of the larger peaks, we 
picked up ham radio, cellular telephones, and even the 
repetitive staccato sound of transmitted data from pocket 
pagers. 

“Then Muessel set up a transmitter in the room. Even 
when there was no sound in the room there was a peak 
on the scanner screen. ‘We sometimes use a steady sound 
source, said Muessel as he turned on a high-pitched beeper. 
As the transmitter signal pulsed like a heart beat in time 
with the beeper I heard the regular sound in my earphones. 
I also listened as we picked up the same pulsating peak 
at exactly two and four times the frequency of the origi- 
nal signal. 

“The RF scanner can also be used to detect hidden video 
cameras. ‘If we had a closed-circuit TV monitor, we could 
hook up a television receiver and display video signals,’ 
said Muessel as we passed a large peak from a nearby TV 
station.” 

As this demonstration illustrates, bugs that transmit 
continuously have a serious weakness: They're relatively 
easy to detect. Several ingenious schemes have been de- 
veloped to minimize that possibility. For example, bugs 
can be built to collect information and transmit it in prac- 
tically undetectable short bursts. One source speculates 
that such a bug could collect information in digital form 
for perhaps 15 seconds, then send out the whole package 
in one microsecond. Such a device would be practically 
impossible to find with a scanner. 


Others come with voice-actuated circuits that turn them 
on when there are sounds of voices in the room, off when 
not. Some have remote switches by which they can be 
turned on and off. "I can put a bug someplace and turn it 
on and off remotely,” Miller says. “I hear you come into 
the room, and if I have any idea that you're going to start 
checking for bugs, click, it’s off.” All these methods help 
prevent detection by scanners that look for signals being 
radiated. 

Yet other bugs use a technique known as “snuggling” 
to avoid detection. The designer has it transmit at a fre- 
quency just barely different from a local TV stations, for 
example. Because its signal tends to be lost in the much 
more powerful TV signal, it may go undetected. Other 
bugs are frequency switchers: They transmit at one fre- 
quency for a few thousandths of a second, then change to 
another, and then another. 

Active bugs can often be detected by nonlinear junction 
detectors or scanners. These methods, however, will not 
detect microphones, which neither contain semiconductors 
nor put out an RF signal. “You can find them,” says Frank 
Mason, “by X-raying the walls inch by inch, but that's 
time-consuming, expensive, and hazardous to your health. 
The only other defense is physical inspection such as look- 
ing for pinholes in walls." 

An even more difficult-to-detect setup can be created by 
using a hairlike optical fiber to transmit the signal out of 
the room and perhaps out of the building. Because the 
signal is in the form of light, it creates no electromag- 
netic signal that can be detected, nor is it detectable by 
normal sweeping methods. 

Bugs of many types—both transmitters and microphones 
—are widely used, and, according to the Microlab text- 
book, easily placed. The book says that Microlab never 
identifies its clients, what it did for them, or what it found. 


DRAWING BY DAN OSYCZKA 


However, it says, the company knows of actual cases of 
bugging detected 5y others. In one case, it says, one com- 
pany wanted to find out what progress a competitor was 
making in research. So while a member of the bugging 
company visited the office of the director of research at 
the rival company, he noted the title of a book in the office. 
He then bought an identical book and had it fitted with a 
520-kilohertz bug. The bug, made into a thin strip and 
sealed in epoxy, was glued into the binding of the book. 
Then a maintenance worker was persuaded to substitute 
the bugged book for the original one. The sneaky compet- 
itors parked in a car nearby and tuned in on conversa- 
tions in the research director's office. 

In another case a financial operator widely known for 
sending flowers to his friends and acquaintances sent a 
bouquet to a legal firm reviewing a company's financial 
disclosure statement. In the flowers he planted a small 
commercially available wireless transmitter, tuned in to 
the conversations, and was able to make a profitable in- 
vestment prior to the release of the financial statement. 

Sometimes planting a bug turns out to be a really in- 
side job. In February 1982 the manager of the Soviet air- 
line in Indonesia was arrested for running a spy ring. 
While he was in custody, authorities became suspicious 
about a scar on his chest, which he said was from an op- 
eration. But a closer look showed that a bug had been 
planted in the man's chest so KGB agents nearby could 
hear all conversation around him. 


Computer bugging 


Bugs have got most of the headlines in recent months, 
but sleuths use a lot of other high-tech tricks. One active 
area: eavesdropping on the sensitive information in some- 
body else's computer. Computer users were recently shocked 

[Continued on page 86 | 
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HONDA vs. MAZDA 


After years of development, four-wheel steering has arrived. The 1988 Honda Prelude and 
Mazda 626 both offer it. The systems differ in basic design, though. PoPULAR SCIENCE 
previews the Prelude and 626, and finds advantages— and disadvantages—to each. 


By DAN McCOSH 
and TOM WILKINSON 


Patent Motorwagen of 1886, was 

a tricycle, it wasn't long before he, 
Gottlieb Daimler, and other early de- 
signers discovered the advantages of 
four wheels. Soon four-wheel brakes 
and four-wheel drive followed. 

But four-wheel steering (4WS) 
was another matter. The benefits of 
making sharp turns by steering the 
front wheels one way and the rear 
wheels the other were obvious, but 
as Daimler-Benz discovered with the 
1935 MB 170VL military car, such 
simple four-wheel steering resulted in 
frightening instability at high speeds. 

Engineers persisted, especially in 
Japan where Honda, Mazda, Mitsu- 
bishi, Nissan, and Toyota have been 
racing to produce cars with 4WS [Feb. 
'86]. This has even set off a patent 
fight among the contestants. Honda 
and Mazda have rounded the corner 


T» Carl Benz's first car, the 


The 1988 Honda Prelude (right) will 
be offered with or without four-wheel 
steering, as will the new Mazda 626 
sedan (below), shown in Japanese trim. 
Both systems steer the rear wheels in 
the same direction as the front at high 
speeds, then swing them a barely visi- 
ble 5? in the other direction for tight 
parking-lot maneuvers (opposite page). 
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first, introducing production 4WS sys- 
tems that are very different in design. 

Honda Motor Co.’s new Prelude, 
due later this year, will offer a me- 
chanical system so simple it hardly 
seems possible that it will work. 
Mazda Motor Corp.s new 626 sedan, 
also due in 1987, uses a more com- 
plex, and theoretically more sophisti- 
cated, electronic-hydraulic steering 
gear. But just how much of an advan- 
tage is 4WS? And which of these 
early production systems, Honda's or 
Mazda's, works better? 

First, a bit of review. Engineers 


WILKINSON 


BY TOM 


agree that the rear wheels of a car 
should steer in a direction opposite to 
the front at low speeds. Even five de- 
grees of steering can cut several feet 
off a car's turning circle. Also, during 
a sharp turn the rear wheels follow 
nearly the same track as the front, so 

there's less tire squeal and scrub. 
At higher speeds, though, the rear 
wheels should steer in the same di- 
rection as the front to improve han- 
dling during lane changes and other 
abrupt transitions. Why? Because at 
the start of a turn, the rear tires of a 
Continued 


two-wheel-steering (2WS) car don't 
generate cornering forces right away. 
First the front wheels steer, then the 
body has to yaw enough to put side 
loads on the rear tires before they can 
generate any cornering power. Depend- 


ing on dozens of variables, this tran- | 
sition can be quick and crisp (as with | 


a sports car), or it can be lazy, sloppy, 

and even frightening to the driver. 
If, during a transition, the rear 

wheels can be actively steered in the 


same direction as the front wheels, 


both ends of the car will generate cor- 
nering forces simultaneously. The re- 
sult should be quicker turning, less 
yaw, and enhanced control. 


Practical Prelude 


Most people assumed that powerful 
microcomputers and high-speed hy- 
draulics would be the key to practical 
4WS. So it was a shock when Honda 
unveiled its 4WS system, which con- 


sists of nothing more than a single | 


planetary gearbox. 


Honda engineers reasoned that the | 
degree of steering-wheel movement | 


was a good indication of how fast the 


car was traveling, and that steering- | 


wheel angle alone could be used to de- 
cide which way, and how much, the 
rear wheels should steer. 

"At high speeds, the driver's steer- 
ing angle stays small, and the rear 
wheels steer in the same direction as 
the front," said Yoshimi Furukawa of 
Honda R&D Co. Ltd. “At low speeds, 
steering angle is large. This causes 
the rear wheels to steer in the oppo- 
site direction of the front for greater 
maneuverability." 

To test this claim, we spent three 
days driving 2WS and 4WS Preludes, 
then spent a fourth day at the track 
running slalom tests with both ver- 
sions. We concluded that Honda's sys- 
tem works pretty much as advertised. 

The tighter turning circle and re- 
duced tire scrub in sharp corners were 
apparent the first time we drove in 
heavy traffic. Harder to find were the 
claimed benefits during high-speed 
handling. Part of the problem is that 
the basic Prelude handles so precisely 
that it's tough to upset the car with 
any highway maneuver. Also, the 4WS 
felt slightly sluggish when the car was 
traveling straight, and this made it 
hard to cut the wheel suddenly enough 
to make the rear steering noticeable. 

"The effective steering ratio in the 
center is about 20:1," explained Furu- 
kawa. "As you turn the wheel further, 
the ratio becomes 14:1. This compares 
with the standard Prelude's ratio of 
16:1 on-center.” The slower ratio is due 
in part to the rear wheels countering 
some of the steering effect of the front. 

At the track we found that the 4WS 
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inside Honda 4WS 


|| REAR STEERING GEAR 


OUTPUT ROD 


A study in simplicity, Honda 4WS uses a me- 
chanical shaft to link the front and rear steer- 
ing gearboxes. Turning the front wheels turns 
a pinion gear that rotates the steering shaft. 
A double-crank system and epicyclic gears in 
the rear steering box move the output shaft 
first one way, then the other in response to 
rotation of the input shaft. | 

For the first third of a turn of the steering 
wheel, the rear wheels steer in the same di- 
rection as the front, though at less of an angle. 
By the time the steering wheel has been 
turned 240 degrees, the rear wheels have re- 
turned to straight ahead. Turning the steer- 
ing wheel further causes the rear wheels to 
steer in the opposite direction of the front 
wheels for better maneuverability.—7. W. 


Prelude would drive rings around the 
2W5 car in really tight turns. But in 
our standard low-speed slalom, with 
its 48-foot cone spacing, we measured 
no difference in speed between the two 
Preludes. After much discussion, we 
concluded that the slower steering 
ratio canceled any benefit from steer- 
ing the rear wheels. 

Spacing the cones at 70 feet boosted 
average speeds to nearly 40 miles per 
hour. Here, the ability of the 4WS Pre- 
lude to make cleaner transitions from 
one turn to the next proved a benefit. 
Our four testers drove 1, 8, 8, and 12 
percent faster with 4WS, although 
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opinions varied over whether or not 
the car felt any faster. 

This improvement won't come cheap, 
however. The estimated price for the 
1988 Prelude Si is $16,700. The 4WS 
package, which includes alloy wheels, 
power locks, and bronze tinted glass, 
will add another $1,400. 


Elegant engineering 


Though the 1988 Mazda 626 wont 
debut here until next month, we pre- 
viewed versions of the new 626 in 
Japan. As the diagrams show, techni- 
cal differences between Honda and 
Mazda 4WS are considerable. Mazda 


im 


Inside Mazda 4WS 


FROM CONTROL 
COMPUTER 


STEPPER MOTOR 


Mazda uses a complex electromechanical sys- 
tem (top) to vary rear-wheel steering in rela- 
tionship to both front steering angle and 
vehicle speed. A shaft from the front steer- 
ing gear transmits steering-wheel movement 
to the rear, turning the main bevel gear. Mean- 
while, a computer and stepper motor contin- 
ually adjust the position of the control yolk 
that holds the pivot end of the control rod so 
that yolk angle always corresponds to vehicle 
speed. 

At low vehicle speeds the yolk swings down. 
As the front wheels are steered, rotation of 
the bevel gear moves the control valve back 
and forth, metering the hydraulic power that 
steers the rear wheels. As the car speeds up, 
the yolk first swings through the neutral po- 
sition (no movement of the control rod and 
no rear-wheel steering), then into the upper 
position. Movement of the steering shaft now 
steers the wheels in the opposite direction of 
the front. 

The Mazda system is programmed to steer 
the rear wheels in the opposite direction of 
the front up to about 22 miles per hour. Above 
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that speed, rear wheels begin to steer in the L / 


same direction as the front wheels. —T. W. 


uses a computer, mechanical gearbox, 
and hydraulic cylinder to steer the 
rear wheels, enabling the system to 
change the direction and degree of 
rear-wheel steering based on vehicle 
speed. Mazda engineers claim its 4WS 
can closely approximate the ideal re- 
lationship between road speed and 
rear steering. 

After driving both the 626 and Pre- 
lude, we can report that, at low speeds, 
the benefits of Mazda 4WS are sim- 
ilar to those of the Honda system. In 
high-speed lane changes, though, 
theres more of a difference. On the 
626, 4WS significantly improves driver 


feel. Given that the 626 sedan 1s taller 
and more softly sprung than the Pre- 
lude, the ability of 4WS to reduce yaw 
should more be noticeable. Under 
track test conditions, Mazda claims 
about 10 percent improvement during 
high-speed transitions—almost what 
we measured for the Prelude. 

Prices for the 626 have yet to be an- 
nounced, but reports are that 4WS 
alone will add some $1,500 to the top- 
of-the-line Turbo model. 

Is 4AWS worth the cost? Both Honda 
and Mazda say yes, but both are being 
cautious, only offering 4WS as an op- 
tion. Our opinion so far is that, on the 
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Prelude, the handling benefits of 4WS 
probably arent worth giving up the 
light, sharp steering of the 2WS ver- 
sion. On the 626, it's more of a toss-up: 
You get less yaw during high-speed 
transitions. But you add cost and com- 
plexity to what's always been a sim- 
ple, moderately priced sedan. 

With the arrival of the Prelude and 
626, the engineering debate over 
4WS now moves to the showrooms. If 
customer acceptance isn't overwhelm- 
ing at first, Honda and Mazda can 
take heart —not even Carl Benz's Pa- 
tent Motorwagen was an overnight 
success. Gs) 
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Electromagnetic launchers that fire superfast projectiles often 
need room-filling power sources. Now, preparing for upcom- 
ing U.S. Army shoot-out tests, competing researchers are cre- 


ating launchers compact enough for tanklike weapons. 


PREACCELERATOR 4r 


30-MJ CAPACITOR BANK 


5-MJ CAPACITOR 


By T. A. HEPPENHEIMER 

ts the year 2003. A battle has erupted in the Middle = 
i East. One country’s army, Blue Force, operates a squad- 
B ron of new high-technology tanks. Blue Force, outnum- : 
bered 10 to 1, is advancing against a battalion of enemy 
tanks and armored-personnel carriers—Red Force—on a Ü 
hillside five miles away. 

Blue Force gunners prepare to fire. There's a bright flash 
and a loud crack. A three-pound warhead speeds toward T 
its target at two miles per second—twice the velocity of È 
Red Force guns. It smashes into an enemy turret, shower- : 
ing white-hot steel into its interior. Blue Force tanks step 
up their fire, striking other vehicles. A few Red Force tanks E 
fire back, but their shells fall short by two miles. Within 
minutes the hillside is littered with smoking wreckage. 

The remaining Red Force retreats. 

"That was too easy," radios the Blue Force commander. es 
“Stay alert.” Sure enough, six armored helicopters rise " 
over the crest of the distant hill. Suddenly, one of them is 
picked off by a Blue Force tank and falls. Another chop- à 


per explodes in midair. But as the other six-bladed heli- 

copters turn away, a salvo of three missiles heads toward 

Blue Force positions. These are deadlier. They travel half- 

way to their targets before Blue Force's weapons—incred- t 

ible electromagnetic guns—shoot them down. 
Electromagnetic weapons such as these are heading for 

the battlefield. Compared with ordinary guns, the new 

weapons promise longer range, greater penetrating power, 

DRAWINGS BY LINDA RICHARDS and smaller, easily stored rounds. Significantly, electro- 
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CURRENT FLOW 


MAGNETIC FIELD 


PROJECTILE 


magnetic guns do not use high explosives that blow up 
when they hit a tank. The force propelling the missiles is 
not from conventional chemical explosions, either. Rather, 
electromagnetic weapons generate brief but powerful elec- 
trical pulses. These produce strong magnetic fields that 
can launch projectiles at phenomenal speeds. Practical 
weapons based on this propulsion will soon emerge from 
laboratories. The Pentagon's Defense Advanced Research 
Projects Agency (DARPA) has a program to produce tank- 
like versions of these guns within two years. Then, to qual- 
ify for U.S. Army use in 1991, advanced mobile guns may 
compete against conventional tank guns. 

Electromagnetic launchers aren't new. Early designs used 
generators with massive flywheels to deliver jolts of elec- 
tricity to parallel metal rails. One approach to these so- 
called rail guns also used explosives to slam rails together 
and concentrate magnetic flux [^Electromagnetic Launch- 
ers," Nov. '81]. These techniques, however, are impracti- 
cal for rapid fire: Flywheels must be braked rapidly to 
convert kinetic energy into electrical energy, and the ex- 
ploded rails are destroyed after one firing. 

As a result, three newer approaches suitable for mobile 
rapid-fire systems are under development across the coun- 
try (see drawings). One rail gun, being built by Maxwell 
Laboratories in San Diego, Calif., uses special capacitors 
for energy storage. Another rail gun, at the University 
of Texas, is based on a high-power generator. A third sys- 
tem, called a coil gun because it uses stacked coils in- 
stead of rails, is being pursued by a small start-up company, 
| E Continued 
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Capacitor-based rail gun 


| An artist’s concept of a laboratory electromag- 


netic rail gun under development at Maxwell 


| Laboratories has advanced components—not 


yet available—to shrink its size. Compact 


| components for generating and storing elec- | 


trical energy are a must for 1990s mobile | 
Army guns and other weapons planned. Max- | 


well’s current rail-gun lab system (photo, next 
page) is room-size to accommodate today’s 


| State-of-the-art electrical components—still 


relatively bulky and requiring many racks of 
energy-storage hardware. 

Maxwell’s next-generation lab machine, 
mounted on a mobile platform for 1989 Army 
tests, will use a gas-fired turboalternator en- 
gine to generate AC voltage; rectifier circuits 
convert the AC to DC and charge a bank of 
capacitors. About six of these high-efficiency 
capacitors (see text) could store some 30 meg- 
ajoules of energy. An inductor coil connected 
to the capacitors briefly delays the current 
during firing—in effect, shaping a pulse for 
the best efficiency by keeping current applied 


while a projectile travels down the barrel. 


As the rail gun fires, a compressed-gas in- 


jector shoots a projectile at about 1,600 feet 


per second between two parallel copper rails 
electrically insulated from each other. Capac- 
itor voltage is applied to the rails through a 
switch. The projectile illustrated is plastic with 


enters the rail gun, its metal foil shorts across 
the voltage-charged rails. Current from the ca- 
pacitor bank surges between the rails, in- 
stantly vaporizing the thin foil into a cloud of 
charged particles. The projectile's high injec- 
tion speed minimizes rail damage from this 
hot plasma. As current flows through the 
plasma, a powerful electromagnetic field is 
generated in both rails. Opposing magnetic 
polarities try to force the rails apart, consum- 
ing energy and lowering efficiency. But the 


a metal-foil backing. As a plastic projectile | 


strong magnetic field also accelerates the | 
plasma and the projectile before it down the | 
rail at tremendous speed. This acceleration | 
is caused by a magnetic force called the Lo- 


rentz force, which also spins motor spindles 
and deflects the electron beams in your TV 


set. Projectiles fired from Maxwell's future lab | 


test-bed will slam into targets with nine meg- 
ajoules of kinetic energy. Projectiles from the 
current rail gun are hurled toward targets at 
almost two miles per second, delivering one 


| megajoule of kinetic energy. (An M-16 rifle 


bullet travels at just over 3,000 feet per sec- 
ond.) Impact energy is one-half the mass of 


the projectile times the velocity squared. Pro- | 
jectile velocities increase dramatically as | 
more power is applied to the rails because | 


acceleration increases with the square of the 


current. But unless rail guns are fired in a 


vacuum, velocities are limited to about four 
miles per second to prevent incineration of 
the projectile from air friction as it flashes 
from a gun. 


To boost rail-gun efficiencies, engineers | 


at some laboratories have designed circuits 
and other techniques to recapture energy often 
wasted as a gun is fired. Also, rail guns that 
inject current into the rails sequentially at sev- 


eral points are more efficient, and this tech- | 


nique would most likely be used for future 
weapons.—T. A. H. 
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Rail gun at Maxwell Laboratories slams a projectile into target. Blue cabinetlike structures are banks of capacitors. 
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COMPENSATING SHIELD | um i : 
ÇOMPOSITE FLYWHEEL Compulsator rail gun 


AS BRUSH Another mobile rail-gun project is underway at the University of Texas 
NN \ suP RINGS Center for Electromechanics. Its power source is a special AC gener- 
2i" tuRUsT BEARING tO called a compulsator. The compulsator does not need a capaci- e 
| 4! tor bank for energy storage or a coil to smooth and shape the firing - 
BEARING (2) i | se | : : 
pulse. Instead, the compulsator's unusual construction enables it to 
deliver powerful current pulses for projectile firing. 
Compulsator designs minimize impedance, the built-in resistance 
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Electromagnetic Launch Research, in Cambridge, Mass. 

Support is also strong from Strategic Defense Initiative 
proponents, because electromagnetic weapons might serve 
for space- or Earth-based defense against long-range 
missiles. 

To discover how these advanced guns work, I drove to 
Maxwell Laboratories in San Diego. Floyd Graham, a com- 
pany vice president, ushered me down office corridors into 
a plain-looking shop with high ceilings, a concrete floor, 
and roll-up doors. The gun before me was a long rectan- 
gular tube made with two-inch-thick steel plates; they 
might have been rails from Southern Pacific Transporta- 
tion Co. tracks. Heavy bolts, closely spaced, squeezed the 
rail-gun plates together. Two copper bars that ran the 
length of the gun and flared like a horn at the business 
end were enclosed by the plates. The reason: A powerful 
magnetic field produced during firing repels the copper 
rails from each other. "There's a 40,000-psi pre-load on 
this structure," Graham explained, “so when we fire the 
gun it wont expand and let the pressure leak out." 

The bullet, Graham says, is a two-inch plastic cube with 
aluminum foil at the back. When the gun fires, a pulse of 
electricity carrying millions of amperes of current vapor- 
izes the foil into a plasma, an electrically conductive gas. 
The magnetic field thus generated, acting on the current 
flowing through the plasma, accelerates the gas and plas- 
tic cube. 

How fast can a projectile be fired? "I dont think anyone 
knows the limitations yet," said Graham. "We've been as 
high as 1.9 miles per second." A rifle bullet, by compari- 
son, travels at about 0.6 mile per second. "In a chemical 
gun," Graham explained, “you create pressure with the 
explosion. But the pressure dies off as the round goes 
down the barrel. In an electromagnetic gun you hold 
the current within the plasma as long as you can to pro- 
duce a more constant pressure and higher velocity and 


to the flow of alternating current that limits the output of ordinary 
generators. For example, in one type of conventional generator, the 
alternator in your car, a rotor coil spins inside a fixed armature coil. 
Electromagnetic fields from the rotor cut through the armature wires, 
inducing the output voltage in them. But coil inductance, a circuit 
property that resists changes in current flow and therefore limits out- 
put current, increases as these magnetic fields interact. 

To solve this problem, UT is planning a 17,600-pound compulsator 
with an armature that spins inside a stationary field coil cooled with 
liquid nitrogen. The armature windings will be wrapped around a mas- 
sive flywheel made with a composite material; at full speed (9,600 
rpm), the flywheel-armature should store energy equivalent to about 
150 megajoules. In UT's mobile rail-gun system planned for 1989 
Army tests (see concept drawing), current won't flow in the compulsator 
until a projectile is injected into the 21-foot-long barrel. When the 
projectile shorts across the barrel rails, a massive current flow will 
occur, cutting flywheel-armature speed about 10 percent, and using 
20 to 30 megajoules of stored energy to accelerate the projectile. As 
current flows in the armature windings, the magnetic fields that re- 
sult will induce currents in the opposite direction within the thick 
copper compensating shield that forms a cavity for the flywheel- 
armature. These induced shield currents in turn produce magnetic 
fields that oppose and nearly cancel the fields from the armature (see 
compulsator detail drawing). The sharp reduction of these fields, which 
otherwise would interact with the magnetic flux from the field coils, 
will lower compulsator inductance and permit huge peak output cur- 
rents (4.5 million amps at 6,300 volts). 

The projectile, with about nine megajoules of kinetic energy, will 
have a muzzle velocity of up to 2.5 miles per second. Recoil from the 
gun can also be balanced against the torque produced as the flywheel 
slows down, permitting small vehicles to carry larger guns. A gas 
turbine geared to the compulsator will bring the flywheel-armature 
back to full speed. —T. A. H. 


acceleration," says the Maxwell Laboratories official. 

Graham pointed to several inch-thick steel plates on a 
table, each with a jagged hole in it. "We used these as 
targets," he explained, gesturing toward a bunker where 
a seven-foot pile of sandbags surrounded a blue box that 
received the shots. He picked up a plate with a two-inch- 
square hole. "A plastic cube went clear through this one 
and partway through another," he said. Graham showed 
me sets of holes neatly punched through four such plates 
—four inches of armor steel. This, he explained, is the 
work of a tungsten rod the size of a stubby pencil travel- 
ing at 1.6 miles per second. 


The gun that roared 


Moments later we were in a nearby trailer that served 
as temporary lab space. Graham switched on a videotape 
of a test shot; a view of the gun in a bare lab was visible 
on a monitor. "We dont let people inside there during a 
test firing," said Graham. Suddenly a high-pitched whine 
indicated a 10,000-frame-per-second movie camera trained 
on the gun was running. The firing produced a short but 
intense burst of light that blasted from the muzzle. This 
plasma quickly dissolved into a thick puff of dark smoke; 
hot-metal particles from the target flew through the smoke 
like shrapnel. The gun’s roar, said Graham, sets off bur- 
glar alarms in cars parked nearby. 

Maxwell is exploiting new technology to convert this 
cumbersome laboratory system into a mobile weapon. It 
is building guns that store huge electrical charges in super- 
efficient capacitors. 

“We're trying to increase the energy density of capaci- 
tors by a factor of five hundred by 1990," Graham told 
me. À capacitor, he explains, amounts to a Dagwood sand- 
wich with thin sheets or plates of aluminum foil sepa- 
rated by a film of nonconductive material called a dielectric. 
A charged capacitor stores energy in the form of excess 
electrons on one plate and a lack of them on the other. 
Oil-impregnated paper is a common dielectric choice. 

The Japanese have devised a plastic dielectric, poly- 
vinylidine fluoride, that can withstand higher voltages and 
let capacitors store more energy. "We are developing sim- 
ilar materials," says Jon Farber of the Defense Nuclear 
Agency, which is funding the work. "It's almost like ge- 
netic engineering of plastics; you have to get the right 
electrical and mechanical properties together so it won't 
be brittle" Research is aimed at developing a capacitor 
the size of a small suitcase. By 1990, Farber predicts, "we 
will be storing five megajoules in such a box.” This is the 
kinetic energy equivalent of two pounds of high explosives. 

Farber, confident about capacitor-based technology, has 
arranged a "shoot-off" competition in 1989 against DARPA- 
sponsored guns that will use only rotating generators. One 
such weapon is under development at the Center for 
Electromechanics at the University of Texas, Austin. It 
uses a compulsator, an alternator that minimizes the self- 
induced electrical resistance that restricts the current out- 
put of ordinary generators (see Compulsator Rail Gun box). 
The Texas compulsators built so far have been large and 
heavy, containing lots of iron. But that will change. “We 
expect to develop an air-core compulsator," says John Gully, 
deputy director of the center. “It will have lightweight 
graphite-epoxy composites for all nonelectrical structural 
parts.” Whereas UT's current 40,000-pound iron-core de- 
sign delivers one megajoule of energy, the new air-core 
model will provide 30 megajoules—at half the weight. A 
higher spin rate and the type of materials used makes 
the difference. 

There is also a wild card in DARPA’s deck, in the form 
of an independent-minded inventor from the Massachu- 

Continued 
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To sidestep problems associated with some rail-gun designs (such as 
low efficiency), researchers are also developing electromagnetic launch- 
ers that use coils instead of rails. According to Henry Kolm of Elec- 
| tromagnetic Launch Research, coil guns can deliver up to 100 times 
more thrust from a given current compared with rail guns. Conse- 
quently, coil-gun components need not carry million-ampere currents, 
and the voltage source does not have to be as powerful. For its 1989 
coil-gun Army tests, Kolm says EML is developing a new kind of 
alternator that eliminates the traditional use of iron and delivers 70 
times the power of conventional high-power alternators (see text). 
In one of EML's latest coil-gun designs, slotted 10-inch-diameter 
copper-alloy washers are stacked to form the barrel. Insulators sepa- 
| rate the washers, although all washers are linked by crossover blocks 
(diagram detail), creating a continuous helical path for current flow 
along the barrel. The projectile has coils embedded in its outer non- 
conducting case. Electrical rails inside the coil-gun barrel fit grooves 
on the projectile; feed brushes in these grooves tap DC from the 
rails. When a two-coil projectile enters the barrel, DC flows from the 


setts Institute of Technology, Henry Kolm. He co-founded 
the National Magnet Laboratory and invented both a mag- 
netically levitated train and a so-called mass driver. 

Kolm's early mass driver captivated visitors at a tech- 
nical conference in Princeton, N.J., a decade ago. Kolm 
and his students carried the mass driver from MIT to 
Princeton in a rented trailer. During conference coffee 
breaks they offered “firings,” complete with countdowns. 
You saw a spark in the rig and heard a sharp report, and 
the payload suddenly appeared at the far end of the driv- 
ers track as though it had been moved instantaneously. 
The mass driver's artillery-like speeds drew Army atten- 
tion, giving Kolm an entry into the DARPA competition. 

Kolm dislikes the rail-gun principle. "A rail gun is like 
an electric motor with a single turn of wire," he says. "If 
your vacuum cleaner were built like that, it would de- 
mand so much current that you would need to plug a weld- 
ing cable into the wall for its power." 

And developing even simple components like switches 
for these new weapons has been difficult because of the 
huge electrical currents needed. A few years ago, for ex- 
ample, a major switch manufacturer tested one of its high- 
capacity switches on a rail gun at the Army's Picatinny 
Arsenal, in Dover, N.J. Engineers revved up the three- 
foot-diameter flywheel-generator on the arsenal's 12-ton 
gun. Braked to a halt within '4 second, the generator fed 
gradually increasing current pulses into the switch. At 
250,000 amperes—far short of design needs—the switch 
exploded, showering the lab with flaming metal sparks. 
Months later, the firm's engineers returned with a still 
larger switch. But again at 250,000 amperes the new 
switch exploded—even more spectacularly. 

Kolm's electromagnetic gun is called a coil gun. Using 
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positive left rail through a feed brush into the rear projectile coil. 
Current then exits the projectile through a commutation brush, en- 


ters a segment of the barrel, and flows along the linked washers until | 
it reenters the front projectile coil through another commutation brush. 


Current returns to the negative rail through the second feed brush. 
Magnetic fields in the excited barrel coil segment interact with fields 
in the projectile coils, pushing the front projectile coil and pulling 
the rear projectile coil. This propels the projectile along the barrel at 
tremendous velocity. Additional projectile coils would help distribute 
thrust along the projectile's length. This would eliminate potential 
buckling problems that can occur with chemical guns and rail guns 
that propel long slender projectiles only from the rear, says Kolm. 


But the technique of delivering current to the projectile coils through | 


sliding brushes limits its velocity because contact fails above certain 
speeds. Another technique is to induce currents in the coils through 
magnetic fields. This eliminates the need to maintain contact with a 
projectile, but it reduces the overall efficiency of a coil-gun system, 
whose electrical efficiency may be 95 percent, notes Kolm.—T. A. H. 


multiple turns to greatly reduce the firing current, it has 
a number of individual doughnut-shaped electrical coils, 
stacked like a roll of Life Savers candy to form a barrel 
with a hole down the middle. When a projectile enters 
the barrel, electrical contacts feed current to the projec- 
tiles built-in coils (see drawing). The technique creates 
a wave of magnetism that accelerates and follows the 
projectile—at incredible speed—down the tube. 

Kolm's partner, Peter Mongeau, is also creating an en- 
tirely new kind of generator, dubbed a multi-disk alter- 
nator, to serve as a power source. "It generates about 
seventy times more power, weight for weight, than con- 
ventional high-performance alternators,” he says. “We did 
it by not using iron.” Ordinary generators, Kolm explains, 
have only about two percent of their weight as current- 
carrying conductors. Details about his new alternator are 
still proprietary, but 70 percent of its weight will be from 
conductors. 

If one or more of these three approaches to electromag- 
netic guns pass muster in the 1989 and 1991 competi- 
tions, the Army may take over development from DARPA. 
The new-generation Army tanks, in addition to firing 
rounds with kinetic energies exceeding that of high ex- 
plosives, may also be more accurate. James Meni of STA 
Associates, a Washington-area think tank, thinks projec- 
tiles will carry rugged guidance systems that could ac- 
cept steering commands in flight, perhaps from a laser 
beam. In fact, DARPA's Harry Fair is planning weapons 
such as this for use against combat tanks, aircraft, and 
short-range missiles. “It’s not just a replacement for 
today’s tanks and fighting vehicles; it’s quite a different 
kind of machine,” says Fair. “It would allow you to fight 
outnumbered—and win.” 


Kidcorder 


PHOTO BY GREG SHARKO 


Sold as a toy, it’s actually a functioning camcorder. Fisher-Price’s black-and-white unit 
uses an updated video-recording technology no other company could make work. 


By WILLIAM J. HAWKINS 
dults know this camcorder is for kids,” says Bob 
A senior product design manager for Fisher- 
Price. "But they say ‘I wouldn't mind having one 
myself' anyway." 

The plastic prototype I hold in my hand weighs under 
two pounds, runs for five hours on AA batteries, records 
on an audio cassette, plays back on any TV set, and is so 
simple an eight-year-old can use it. And its price—$150—is 
about one-tenth of any other camcorder. A toy? Yes, but to 
make it work Fisher-Price didn't play games. The com- 
pany successfully updated a 25-year-old design. 

To capture the enormous amount of information con- 
tained in a video signal, all video recorders operate at a 
high head-to-tape speed. Conventional camcorders and 
VCRs spin the recording head at high speed across slow- 
moving tape. The Fisher-Price camcorder takes the oppo- 
site approach. "It uses a fixed head," says Fisher, "and 
the tape speed is increased." That eliminates the cost, bulk, 
loading mechanism, and tolerances of the spinning-head 
system. "It's basically an audio deck," says Fisher. 

Used in early video recorders, the system was aban- 
doned because of excessive head wear and its appetite for 
tape. Fisher claims that the company beat the wear prob- 
lem by using a special wear-resistant head. But cutting 
the amount of tape being used required a trade-off. In- 
stead of taking gulps of tape that would zip through a 
cassette in seconds, the camcorder's speed—15.3 inches 


per second, or about the same as fast forward—1is set to 
take tape in more conservative bites. "You can shoot for 
5.5 minutes on each side of a C-90 cassette," says Fisher. 
But being conservative has a penalty: lower picture qual- 
ity. "Td describe the playback as near-black-and-white-TV 
quality," Fisher says, “but it depends on the TV you use.” 
Fisher recommends viewing the playback on a 13-inch TV 
or smaller. *On larger sets, you'll see the pixels produced 
by the CCD," he says. 

The pixels—individual dots, or picture elements—are 
created by the camcorder's charge-coupled-device imager. 
The greater the number of pixels, the finer the picture 
detail. However, Fisher discovered something else. 

“When we first looked at computer simulations of ninety 
by one hundred twenty pixels, the picture looked fine,” 
Fisher says, “but when we tried it in a camera, the pic- 
ture wasn't good at all.” What was the difference? “The 
computer created a picture using an unlimited number of 
gray scales,” Fisher explains. “The original camera had 
eight. We found that the higher number of gray scales 
gave better transitions—a smoother-looking picture. We 
now use sixty-four, and your eye almost blends them 
together.” 

A resolution of 90 by 120 pixels is half (or less) than 
that of other black-and-white video gear, but Fisher doesnt 
mind. "This is a toy in the sense that it's fun, but it opens 
up a technical and creative world to children," he says. 
“It’s like the first time you heard your voice on a tape 
recorder. It's a kind of magical thing." 
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This new flat-screen display, made by the same techniques used in microcircuit 
manufacture, will offer many advantages: high-resolution image, low energy con- 
sumption, and good reliability. The first projected use of microtip technology: an 
avionics display for the cockpits of coming Boeing Co. aircraft. 


By NAOMI J. FREUNDLICH 


MENLO Park, CALIF. 
focus intently on the black-and-white photos, trying 
| to identify their subjects. One of the images appears to 
be a close-up of Swiss cheese with little upside-down 
golf tees inside the holes. The other looks like a piece of 
perforated board. Charles (Capp) Spindt, a senior re- 
searcher at the physical electronics laboratory of SRI 
International, explains the details. Rather than being 
dairy-based, the pitted material is made of silicon. And 
the golf tees are actually tiny electron guns, captured on 
film by a scanning electron 
microscope. The perforated 
board is an array of these 
guns. According to Spindt, 
1,000 electron guns, or mi- 
crotips, will someday be 
packed into a single TV 3 weil 
picture element, or pixel, Wee" E 
making a super-sharp im- 
age in a flat-screen display 
possible. 

The uses for these micro- 
scopic electron sources, 
named Spindt cathodes for 
their inventor, are varied. 
Currently, SRI is developing 
arrays of microtips for a so- 
phisticated color avionics 
display to be used in Boe- 
ing Co. aircraft starting in 
1992. The specifications call 
for a 6%-by-6%-inch screen less than an inch thick. In 
France, at the Laboratoire d'Electronique et de Technologie 
de l'Informatique, in Grenoble, scientists have already built 
elementary 0.4-inch-thick flat panels using microtip tech- 
nology. The goal is to develop a bright high-resolution 
image at a lower cost and energy demand than those of 
previous flat-screen technologies. 

The original impetus to develop Spindt cathodes was 
NASAs need for less-power-hungry, lower-temperature elec- 
tron sources in communication satellites. Thermionic cath- 
odes, found in ordinary TV cathode-ray tubes (CRTs), emit 
electrons only when heated to high temperatures. Spindt 
cathodes are based instead on the field-emission effect. 
Here, a strong electric field draws electrons from the tip 
of a metal cone. Spindt cathodes can operate at tempera- 
tures ranging from that of liquid nitrogen, — 195 degrees C, 
to 600 degrees C, and use substantially less energy. 
Spindt predicts that his so-called cold cathode tubes may 
use 25 percent less energy than does a comparable therm- 
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The microtip is clearly visible in this scanning-electron- 
microscope close-up of a field-emission cathode. Each 
niobium-metal-rimmed hole is only one micron wide. 


ionic electrode device. Also, less waste heat is generated. 

Only one micron, or !55,ooo inch, high, these cathodes are a 
product of advanced micro-fabrication techniques similar 
to those used to make computer chips. “We've come full 
circle with this technology," says Spindt. ^Micro-fabrication 
techniques allowed us to replace bulky CRTs with solid- 
state devices. Now those same techniques are allowing us 
to build vacuum cathodes that, for all intents and pur- 
poses, could be better than those solid-state devices." 

Spindt likens the cathode fabrication process to mak- 
ing a sandwich—one slice of silicon (a conductor), one of 
silicon dioxide (a dielectric), and a final layer of molybde- 
num (a metal conductor). 
The single-micron Swiss- 
cheese holes are formed by 
selective etching processes 
that carefully eat through 
the layers. 

“We make the cathodes so 
small to keep power con- 
sumption low," says Spindt. 
“The way to get that is to 
have the metal electrode 
very close to the emitter 
tip.” The reasoning is that 
the electric field strength 
can be increased not only by 
applying more voltage but 
also by keeping the metal 
electrode close to the tip and 
concentrating the charge. 

Creating that tip—which 
at its thinnest point is only 
about 300 angstroms, or 100 molecules, thick—proved to 
be the trickiest part. In a vacuum chamber the Swiss- 
cheese array, appearing only as a ¥-inch stud, rotates on 
a pedestal. A small chamber holding aluminum oxide is 
aimed at the stud from a 30-degree angle. A second 
chamber holding molybdenum is aimed straight at the 
substrate. As the stud rotates, the aluminum oxide is evap- 
orated on the walls and top surface of each hole, grad- 
ually closing it up. The molybdenum is phased in, and as 
the hole gets smaller a sharp metal peak forms inside. 
The last step is to selectively etch away the aluminum 
oxide, leaving the final structure, a microtip. Growing the 
microtips is a parallel process because every hole on the 
stud experiences the same molybdenum buildup at the 
same time. 

“If we can make them cheap enough, these mini-cathodes 
could replace the cathode-ray tube in the TV set in every- 
one's home,” predicts Spindt. “There should be no difficulty, 

[Continued on page 89] 
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A color microtip screen would work as follows: At each 
pixel (the area where the niobium stripes overlap) there 
would be three separate phosphor strips (red, green, and 
blue) in close proximity to each other. The top stripes, or 
lines, of niobium are very close to these phosphors (only 50 
microns away), which eliminates the need for focusing. Five 
hundred lines will run horizontally, each connected to sev- 
eral rows of microtips. Perpendicular to this will be three 
times that many (1,500) lines addressing the gate electrode, 
the electrode that actually extracts electrons from the 
microtips. Thus, in each pixel there will be three groups of 
gate electrodes, one for each color. 


UT i 


DRAWING BY MITCHELL J. ALBALA 


To turn on a given line, you would first apply a negative 
voltage to one of the 500 horizontal lines connected to a 
row of microtips. Making the microtips negative makes the 
phosphor front plate (where you want electrons to go) pos- 
itive with respect to the microtips. The field-emission cath- 
ode has a sharp turn-on threshold, and the negative bias 
brings it up to the limit. A small positive voltage applied to 
the gate lines pushes the cathode over threshold and causes 
emission, turning on whichever one of the three colors or 
combination of three colors you wanted illuminated. With 
this arrangement, an entire row can be turned on at a time, 
rather than just one pixel. 
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BMW 735i 


The aerodynamic body of BMW's luxurious flagship model 
has greater rigidity to improve handling, BMW claims, and 
a 0.32 drag coefficient. Late this year, the 735i will get a big 
brother, the 750i, which will have the 12-cylinder engine 
shown above. The 5-liter V12 will develop 300 hp. 
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Opulent state-of-the-art high-powered sedans 
from Germany seem to grow more desirable 
as they become more expensive. 


By HERBERT SHULDINER 


long as the cars supply high-powered performance, 
rich and comfortable interiors, and bank-vault-like se- 
curity, affluent buyers are willing to shell out amounts 
that stretch into the stratosphere. This interesting phe- 
nomenon has spurred an effort by car makers to cash in 
on a soaring demand for high-performance autos built in 
West Germany, where drivers are accustomed to rocket- 
ing along autobahns at speeds over 100 mph. BMW AG, 
one of the chief suppliers of such cars, recently unleashed 
a product blitzkrieg by introducing a dozen new models 
with prices starting at $27,000 and ranging up to about 
$56,000. And even Ford Motor Co.’s Lincoln-Mercury Di- 
vision has reached into its German subsidiary’s lineup to 
offer a new luxury four-door sedan in the United States. 
The BMW offerings are led by an all-new flagship 735i. 
Lincoln-Mercury’s new German import is the Merkur 
Scorpio. I recently had an opportunity to test the new 735i 
and Scorpio when they were previewed in California. 


uxury-car buyers seem immune to sticker shock. As 
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The '87 735i is all new. “Nothing is carried over from 
the old car," says Hanns Weisbarth, chief engineer of 
BMW’s product engineering group in Munich, West Ger- 
many. The new model is 1.3 inches shorter than its prede- 
cessor. But the 735i has a big-car feeling, with lots of leg 
and head room. In fact, it weighs 4,000 pounds. Yet on 
mountain roads the vehicle handles like a lightweight 
sports car. It seems to have a tenacious grip on the road: 
There was no lane wander, and its ride was flat as I sped 
around sharp corners. Weisbarth attributes the car's sta- 
bility to a "perfect fifty-fifty weight distribution, signifi- 
cantly lower center of gravity, and wide track." 

Because of the way the instruments curve around you, 
the driver's seat in the 735i reminded me of an airplane 
cockpit. The instrument panel is beautifully detailed, and 
there's no sloppiness in the controls. When you move a 
stalk, it clicks crisply into place. 

The starting price for the 735i is $49,500— not the 
highest-priced auto in the BMW lineup, even though it is 
the flagship. The high-performance M6, at $55,950, is the 
price champ for BMW. It's also a status symbol for perfor- 
mance-oriented car buyers. You probably don't worry about 
fuel consumption when you spend that kind of money on a 
car, but both the 735i and M6 officially qualify as gas 
guzzlers, with a special penalty levied by the govern- 
ment for not meeting fuel-economy standards: $2,250 for 
the M6, and $850 (manual transmission) and $1,050 (auto- 


MERKUR SCORPIO 


The new competitor for Mercedes 190, BMW 5-series 
cars, Volvo 740, and Audi 50008 is Merkur Scorpio, 
made by Ford in Germany. The car has a 2.9-liter 
engine, anti-lock brakes, fully independent suspen- 
sion, and luxury-loaded interior. It has an excep- 
tionally commodious rear passenger compartment, 
with a power seat that adjusts back angle. 


me TO 


matic) for the 7351. 

Although Scor- 
pio was named car 
ofthe year in Eu- 
rope in 1986 and 
outsold the BMW 
5-series in Ger- 
many, Lincoln-Mer- 
cury has modest 
hopes for the Merkur Scorpio here. The division expects 
to sell about 7,000 cars in its first year in America. 

During my test drive, I had a hard time making up my 
mind which I enjoyed more: driving the car or just riding 
as a passenger in the sumptuous power reclining rear seat. 
Scorpio's rear passenger compartment is perhaps the most 
spacious of any car I’ve tried in years, with a tremendous 
amount of head and leg room. 

But Scorpio is no slouch when you sit in the driver's 
seat, either. The car handles well, and in my test drive in 
the hills around Monterey, Calif., it displayed flat corner- 
ing characteristics and was stable at high speeds. Its brakes 
felt powerful, with plenty of reserve on hills. An anti-lock 
braking system is standard on Scorpio (as well as on all 
BMWs). 

Starting price for Scorpio is $23,248. With leather seats, 
moon roof, and automatic transmission, the five-passenger 
car 1s $26,405. 


AUGUST 1987 | 63 


This deck not only adds an *outdoor room" to the house: It 
ties together the house's staggered architectural elements 
and levels out an uneven yard that was unusable. 


By AL LEES 


he young homeowners were happy 
about their first house—until they 
walked around back. The builder 
had never properly regraded the back- 
yard, and its pronounced slope ruled 
out laying a patio. The house itself 
was not at its best here, either: A se- 
ries of setbacks fractured its rear ele- 
vation (inset above), and, ironically, 
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several back doors offered access to... 
nothing. 

A major unifying structure was 
needed to tame the wild yard. So the 
couple took their problems to a local 
Georgia-Pacific Corp. dealer and form- 
ulated plans for a bi-level deck that 
flows around the jogs and beckons 
family and friends outdoors from 
nearly every room along the back of 
the house. 
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That's the purpose of the lower sec- 
tion, which was spliced directly to the 
house by means of 2x 10 ledger boards 
lag-screwed into the foundation (turn 
page for construction sketch). Once 
you ve stepped out onto this deck, you 
can either turn toward the left end, 
with its trellised barbecue area, or 
head to the right of the built-in planter 
and up three steps to an elevated 
section that features wide backless 
benches instead of a railing, and even 
wraps around a clump of existing 
trees. "For parties, especially," the 
homeowners report, "the platform is 
the most popular 'room' in the house. 
And it's broad enough to take a table 
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and chairs for more formal alfresco 
dining.” 

The amount of lumber you'll need 
depends, of course, on the area you 
want to cover, but the 663-square-foot 
deck shown here called for about 950 
feet of 2x6s and 650 feet of 24s, 
mainly for decking (where the two 
widths are alternated). Construction 
also called for eight 10-foot 4x4s for 
posts, plus 2x8s, 2x10s, and 2x 12s. 
The total cost for all materials, includ- 
ing 120 joist hangers and 100 pounds 
of No. 16 hot-dipped galvanized nails, 
came to less than $1,800. All the lum- 
ber was CCA pressure-treated south- 
ern pine. If you choose redwood or 
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cedar instead, your lumber costs will 
be higher. 

Preservative-treated lumber is sold 
with various levels of retention. For 
your posts (and any other wood that 
will be in contact with the ground), 
ask for a 0.40 level. For above-ground 
wood, a retention level of 0.25 will 
suffice. 

How you anchor the ledger to the 
house depends on how it relates to 
your foundation. Because it's the lower 
deck that abuts the house, you may 
have to attach your ledger boards to 
the masonry. (With higher decks you 
can often lag-screw ledgers directly 
into the house framing.) At any rate, 


An angled planter (left) 
marks the transition from 
lower deck to platform— 
it’s built into the latter's 
framing. This is the view to 
the right as you step out 
onto the deck; the other 
photo at left (top) shows 
the left end of the deck, 
with a trellis for hanging 
plants, The main deck area 
(large photo, far left) offers 
generous built-in seating. 
It's all built of Georgia- 
Pacific  pressure-treated 
lumber, with a sealer coat. 


you'll want to keep the finished deck 
surface below the thresholds of all ex- 
isting or added access doors. 

The 2x10 ledgers for the deck 
shown were attached by removing the 
house's bottom sheathing board to drill 
holes into the concrete blocks two feet 
apart; six-inch lag bolts were driven 
into lag shields tapped into these 
holes. 

To determine the outer corners, 
stake out your deck with string tacked 
to the ends of the ledgers, then dig 
holes at the post locations—about a 
foot in diameter and at least two feet 
deep. The homeowners on this project 

Continued 
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PROBLEM-SOL 


OPULAR SCIENCE joins forces with the California Red- 
wood Assn. to seek out the best home deck designs 
in the United States. If you’ve already added a deck 


to your house, send us a color photo. Or start building 
right now so your deck will be finished in time for you to 
get us a photo by Jan. 15, 1988. We'll award $1,000 for 
the best deck—plus four other cash prizes—and all five 
winners will be p 
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ublished in POPULAR SCIENCE next sum- 
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This well-designed deck solved two problems. The sharp 
slope of the lot created a drop from the back door; the only 
access to the yard was down a long, rickety stair, so the 
yard was never used. By projecting a large deck from the 
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WIN $1,000 WITH YOUR 
ING DECK 


tats 
TT D 


Z«B JOISTS, 
1e'oc. 


Z«1O LEPGERS 
LAG SCREW TO HOUSE 


mer. To qualify, your deck must use redwood in its con- 
struction and must solve a problem: leveling out an uneven 
yard... covering an ugly patio slab... creating storage 
for out-of-season gear—you name it. As an example, re- 
printed below are photos from a deck presented in the 
May ‘84 issue, designed by architect Amy Delson for her 
New Jersey home. To enter the POPULAR SCIENCE contest, 
just send your photo with the coupon on the next page. 


first-floor level, an *outdoor room" was created off the 
kitchen—ideal for alfresco dining and entertaining. Plant- 
ers built into the 3-ft.-high rail offer protected areas for 
growing herbs and flowers, safe from rabbits and deer. 


ha 


DRAWING BY EUGENE THOMPSON 


PLANTER FRAMING 


e PRIZES: A $1,000 check will go to the 
top entrant, with two secondary awards of 
$500 and two third-place prizes of $300 
each—a total of five cash prizes. All five 
decks will be featured in an early-summer 
issue of POPULAR SCIENCE. 


e HOW TO QUALIFY: Your deck must 
use redwood in its construction, prefera- 
bly for all visible surfaces. Other materi- 
als may be used for structural support— 
though, of course, the entire deck may be 
built of redwood if you prefer. Your deck 
should be functional as well as attractive, 
and should solve at least one problem 


| —taming a difficult site, providing built-in 


storage, concealing an eyesore, etc. Re- 
cently constructed decks are eligible if they 
meet the above criteria and can be attrac- 
tively photographed. If vou need help 
designing a new deck, send $1 to Califor- 
nia Redwood Assn. (address on the coupon) 
for a Deck Builder's Starter Kit. It includes 
a colorful idea booklet, a manual on deck 
construction, and several construction-tip 
sheets on specific projects, such as build- 
ing decks around hot tubs or over concrete 
slabs and adding benches and planters. 


e HOW TO ENTER: Fill out the entry 
coupon, or list all information the coupon 
calls for on a separate sheet of paper. Send 
along at least one clear photograph (black- 
and-white or color print preferred, but color 
slide is acceptable). Include a dimensioned 
diagram calling out the nominal sizes of 


placed a concrete cap block in each 
hole, stood the post on top, and held 
the post plumb with staked braces 
while filling the hole flush with con- 
crete. Be sure to let the concrete set 
48 hours before tapping the braces 
loose. 

When all posts are in place, bridge 
them with 2x10 beams and band 
joists, outlining the entire lower-deck 
area. Check all installations with a 
carpenter's level before attaching them 
permanently. Nail joist hangers onto 
opposite inner faces (spaced 16 inches 
on center); drop 2X8 joists in place and 
nail them through the hangers. Now, 
nail the decking atop the joists, alter- 
nating 2x4s with 2x60s. All end-to- 
end butt joints must be centered on a 
joist, and these joints should be stag- 
gered so adjacent joints don't fall on 
the same joist. 

In building the lower-deck bench. 
with its tall back, alternate 2» 4s and 
2x6s as shown in the drawing, using 
a 2x12 for the seat. Use angle-cut 
2x 12s, nailed to the band joist, to form 
the vertical back supports. 

The 4x4 posts that support the 
outer corners of the upper deck extend 
17% inches above the deck's surface 


each redwood member (for example: 4x4 
post, 2x6 joist, 2x 4 decking); a crude pen- 
cil sketch will suffice if it's thoroughly la- 
beled with critical dimensions. Also include 
a list of all materials used: redwood, other 
lumber or plywood, hardware, finishing 
material. Specify what problem the deck 
solved, and jot down special construction 
tips you'd like to pass on to anyone attempt- 
ing to adapt your project to his own site. 
If no publishable photo is supplied, POPULAR 
SCIENCE and CRA reserve the right to ar- 
range photography at your convenience 
(and their expense)—but failure to supply 
at least a snapshot of your deck will dis- 
qualify the entry. And the better the color 
photo you submit, the better the judges will 
be able to evaluate your project. Entries 


(Sign) 


-— — m æ - = = ENTRY COUPON (Clip and attach to your photo) = = = = == = = 


My signature certifies that this project is of my own design or was 
commissioned for my home, and used redwood in its construction. 


j Mail entry to: To qualify, entry must 1 

POPULAR SCIENCE CONTEST (CRA) iia e M 
| 591 Redwood Highway, Suite 3100 popous | 
| Mill Valley, Calif. 94941 I 
| i 
| YOUR NAME (print or type) = ! 
i ! Daytime | 
i ADDRESS Phone No. j 
CITY JSEME. ZP- le ' 
i i 
I ! 
i i 
i | 


because they also support the built-in 
benches. Add 4X4 posts to the planter 
area and any framing you do around 
existing trees. 

As with the lower deck, once all the 


outline beams and band joists are in 


place, install the inner joists and nail 
on the decking planks. Don't bother 
trying to cut the final planks in the 


rows to exact length before installing: 
instead, let them project raggedly be- 


yond the band joist, and trim them 
flush with a portable circular saw 
after all decking is installed. 
Assembly of the steps between the 
two decks is simple (see drawing)—but 
critical. Because the actual width of 
the 2x6 riser is 5 inches and the 
actual thickness of the 2x 12 tread is 
1'2 inches, the total height of each 
step will be seven inches. The support- 
ing stringers can be cut from 2x 12s 
as shown; you'll need three, one at 


each end and one at the center. - 


When all construction is complete, 
you should brush on a water repel- 
lent. Or, if you wish to change the 
greenish tinge of treated wood, let it 
weather until this effect lessens, then 


brush on a pigmented repellent of the 
color you prefer. 


must be delivered to the address on the 
coupon by Jan. 15, 1988; upon delivery, 
publication rights belong exclusively to 
CRA and POPULAR SCIENCE, unless neither 
exercises the option w ithin six months. 
No entries can be acknowledged except 
the five chosen winners, and none will be 
returned unless accompanied by a written 
request and self-addressed envelope with 
proper postage. Do not submit models or 
presentation boards over 18 by 24 inches. 
Blueprints of any size are acceptable. 


e JUDGING (by Home and Shop Editor 
Al Lees and representatives of CRA) will 
be for the most effective use of redwood in 
a problem-solving deck. Winners will be 
notified by Feb. 1, 1988. 
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E Nail 2x4s around the 
roof's perimeter, then add hor- 
izontals 4 ft. apart, up to the 
ridge. There's no need to in- 
sulate the roof projection at 
the gable ends, so to support 
the bridging steel, add cen- 
tered horizontals the length of 
the projection as shown. 

@ Set foil-faced planks into 
recesses formed by cleats, 
over deteriorated shingles. 
The manufacturer cut 
steel panels to my specifica- 
tions; most were 26 in. wide. 
The longest panel was 24 ft. 
(shown in photo), the maxi- 
mum length that can take 
expansion and contraction 
without distorting. The panel 
was fastened with self-start- 
ing, self-tapping, self-sealing 
screws that have a steel 
washer and neoprene gasket 
(see drawing, far right). To 
drive the screws, use a mag- 
netic '4-in. nut driver chucked 
into an electric drill. 

The new roof has sleek 
good looks and a surface 
that sheds snow. The roof- 
ing maker offers preformed 
gable trim, ridge caps, and 
valley flashing (see sketch). 


E TE. 


RE-ROO 


Adding an enameled-steel roof to his A-frame gave this 
homeowner the chance to increase his insulation. So as a 
bonus to protection, he improved thermal performance. 


By KEN L. HERRINGTON 


A 


fter 20 years’ exposure the as- 
phalt shingles on my vacation 
house in northern California’s 
Trinity Alps were in poor shape. The 
house had originally been roofed with 
a two-inch-thick tongue-and-groove 
deck, covered with v5-inch sheathing. 
I had nailed on 300-pound shingles di- 
rectly, with no roofing felt. There was 


68 | POPULAR SCIENCE 


i—  — T — HQ — 


practically no insulation from hot 
summer sun, and on winter visits I 
burned a lot of wood to keep cozy. With 
many of the shingle tabs worn away 
by repeated snows and heavy rains, it 
seemed an ideal time to rectify the 
situation. 

The insulating solution shown in my 
photos only works, of course, over ca- 
thedral ceilings. In houses with un- 
heated attics, insulation should stay 


Lm —D u—— i m y n 


between the ceiling joists. But for an 
A-frame or any roof deck with living 
areas directly below, the installation 
shown is the best way to go. And if 
you plan to finish off your attic, you 
must move the insulation from under- 
foot to overhead. If the time's also ripe 
for a new roof, as it was in my case, 
the system shown offers many advan- 
tages—including the option of leav- 
ing the rafters exposed in your new 
vaulted ceiling. My two-story T-shaped 
A-frame shown here has the rafter 
beams exposed inside, and I didn't 
want to lose that look. 

For the finished roofing I used en- 
ameled steel with a ridge pattern 
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ADD INSULATION 


made by Champion Metal Co. It's 
available in eight colors, including 
white. I chose chocolate brown. 

This roofing could have been applied 
directly over my deteriorating shin- 
gles, but a new roof gave me the 
chance to add exterior insulation. For 
this I chose 1¥2-inch-thick rigid poly- 
isocyanurate foam board, double-faced 
with aluminum foil. The brand I used 
was ThermalGard, made by Thermal 
Systems. Over this went a layer of 
30-pound roofing felt, applied in ver- 
tical overlapped strips; steel panels 
were then fastened to the 2x4 cleats 
that framed the foam. 

The anchoring system that a local 


NEOPRE NE” 
GASKET 


roofer and I devised for the steel saved 
me 4,200 square feet of plywood for a 
new roof deck over the foam— plus the 
cost of the foam on the overhangs 
(where the roof projects beyond actual 
living space, so insulation would be 
wasted). 

After placing foam board over the 
roof, as shown above, we nailed on val- 
ley flashing before adding the roofing 
felt. Applying the steel roofing was 
easy. The two outer ridges of each 
panel, when overlapped vertically, 
form a watertight seal. But the meth- 
od of anchoring the panels is critical: 
The sheets must be screwed to the 
2X4s—not nailed. Nails tend to lift 


DRAWING BY GERHARD RICHTER 


with expansion and contraction; 
screws don't. 

I chose screws colored to match the 
siding: one inch long for the runs and 
1% inches on the ridge cap. Drive 
them until the neoprene gasket seats 
firmly against the metal surface. 

Im well pleased with the perfor- 
mance of the new roof. The interior 
temperature of my house is 20 to 25 
degrees cooler on the occasional 100- 
degree days in my area. And I enjoy 
winter visits much more now that I 
can heat up the house in a jiffy. 


Champion Metal Co., 12851 Stocton Blvd., Galt CA 95632 
Thermal Systems, 5772 Bolsa Ave., Huntington Beach CA 
32649 
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room 
pair 


Call them powder rooms or vanities, 
but they're not really bathrooms, be- 
cause they lack a tub or shower. Half- 
baths are for guests—or for family 
overflow. And you can tuck one in a 
downstairs closet. 


70 | POPULAR SCIENCE 


1 1’ L 
+ 10¥2" 441" 


5' FLUORESC 


ENT 
FIXTURES .— 


| HARDWOOD ! 
2x2 CORNER STILES 


WOOD FRAME Hs 
| PLASTIC DIFFUSER ~~] H 


um 


OPTIONAL f 
WOOD-GRAIN 
LAMINATE —"1 


W'x1'54"x2' 


ATTACH TO WALL WITH EXPANSION BOLTS 


Lo" = 8" SHELVES 


|- w"x8'x2'6" 


Ya" x 2/27 x 2/514" | 
MIRROR FRAME (SEE DETAIL A) 

HOLES TO SUIT 
LAVATORY AND FAUCET 


1¥2" 


LAMINATED 
iz COUNTER TOP 
CF-STEEL ANGLES ü 


ALL 
Ya" PLY, 3' SQ... SURFACE 


CT 
| : L LEAVE 
WITH 2x4 CLEAT MINIMUM 12" 
DRILLED FOR 
DRIVE-FIT OF POLE 


PINCH CLEATS 
FROM 

2x STOCK 

We" x8'x1'10v" 


HOLES TO SUIT LAVATORY 
AND FAUCET | 


= RADIUS TO MATCH - 
>a LAVATORY 
1" w 1!5" pi = 


A" PLY YOKE 


Va" x Sa" 
HARDWOOD — X noa 
STRIPS a xa x 


FOR DOOR AND DRAWER PULLS, ROUT TO 
SEAT COMMERCIAL CUP GRIP 
OR JUST CUT FINGER HOLE 


V4" MILKY PLASTIC 
l4" x 6" x 1012" 


N. PINCH CLEAT 
FROM 
2x STOCK 


WALL 
SURFACE 


PLASTIC LAMINATE ON TWO 


x 1 
: va" PLY YOKE LAYERS OF 34” PARTICLEBOARD 


- 1 15" 


OPTIONAL 
TRIM STRIPS 
OF WOOD-GRAIN 
LAMINATE 
TO MATCH 
HARDWOOD 


LINE OF COUNTER ~ 
TOP ABOVE .” 


2x BLOCKING 


By DAWN STOVER 
Drawings by Mike Hardiman 


visitor wants to freshen up, but you're reluctant to 

send him to your cluttered upstairs bathroom where 
soggy towels and oozing tubes of toothpaste abound. 
You long for a powder room where your guest could find 
some fresh hand towels and a spotless lavatory. If you're 
willing to sacrifice a downstairs walk-in closet or a small 
room, here are two ways to add a powder room. 

A standard bathroom requires an area at least 7'^ feet 
long, but a half-bath can easily fit into a space only 4! 
by six feet long. The first design (top drawing and photo) 
requires six feet of floor space along one wall where the 
vanity and toilet are located. 

The curved surface around the lavatory provides a tran- 
sition between the left and right portions of the counter 
top, concealing the difference in their widths. On the right, 
the narrow counter extends over the toilet tank, at a height 
that still lets you remove the lid. On the left are the vani- 
ty’s drawers—the bottom one is a tip-out bin. The lavatory 
protrudes from the wall, but the drawers are set back, 
freeing more floor space in the room. The cabinetry in the 
photo was customized in a professional shop, but the draw- 
ing suggests a home-shop approximation. 

The second design (bottom drawing)—a simple lavatory 
counter—can be built in a smaller area, to any length 
desired. The counter "floats" between the walls to avoid 
caulked seams at each end. You can build-in a medicine 
cabinet behind the mirror, hinging the framed panel. 

Both vanities are faced with plastic laminate. (For de- 
tails on how to apply laminates, see the May '85 and April 
'86 issues of PoPuLAR SCIENCE.) 
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Planter fences 


Take your pick of these three projects, based on whether 
you want full privacy, a large planting area, or an impres- 
sive entry gate. All three were built of redwood. 


By AL LEES 


edwood was the lumber of choice 
for all three of these handsome 
projects (turn page for construc- 
tion details). Its natural resistance to 
decay makes redwood ideal for outdoor 
exposure. And for massive timbers, 
such as those used here for posts, red- 
wood will shrink less than other lum- 
ber, in dimensions greater than two- 
inch nominal; this means timbers are 
less likely to split or check. 


2 PLANTER PERGOLA was de- 
signed by Eli Sutton and built by Hod- 
dick, Berry & Malakoff at the end of a 
deck that stands high off a hillside 
—but it could be built along one side 
of a patio. The planter panels are red- 
wood plywood, framed in one-by lum- 
ber. The support posts for the trellislike 
pergola are heartwood because they 
continue down to become part of the 
planter and are in contact with the soil. 


3 PLANTER FENCE was built for 
POPULAR SCIENCE by Stevenson Projects. 
Each section has three tiers of planter 
boxes built in between the 4x 6 posts. 
Face planks for both planter boxes and 
posts are beveled on all four edges. 
Redwood's resistance to rot lets you 
fill the pockets with soil (no liners re- 
quired—but note holes to drain off ex- 
cess rainwater). Fence could double as 
a retaining wall. 
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To shop intelligently for redwood, 
you should know about recent shifts 
in how it's sold. The redwood trees 
that are now grown and harvested as 
a commercial crop tend to develop 
more knotty lumber. This wood is la- 
beled "garden grade" because of its ap- 
propriateness for outdoor structures 
such as fences. Garden grades include 
Construction Heart, Construction 
Common, and Merchantable. 

For years, garden grades were only 

Continued 
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| GATEWAY PERGOLA has an oriental gran- 
deur that makes it an imposing entry on the street 
side of an enclosed yard—or into a fenced flower 
garden. The many projecting beams —of different 
milled dimensions—could support a variety of hang- 
ing plants. Though the prototype was built of Clear 
All-Heart-grade, garden-grade redwood could be 
substituted for a rustic look at lower cost. 


| 
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ILLUSTRATIONS BY MARIO FERRO 
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sold green (undried), so the lumber 
tended to be heavy with moisture 
—which eventually weathered out, 
causing some shrinkage and tempo- 
rary darkening. Now, though, garden 
grades can be bought air-dried (sea- 
soned); this makes them lighter in 
weight and more attractive. (You can 
still buy the cheaper green lumber, 
if you prefer to cut costs.) 

In all three projects shown on these 
pages, the redwood was left natural. 
Only a water repellent containing 
mildewcide was brushed on all sur- 
faces. This application stabilizes the 
redwood color, delaying darkening of 
the lumber on its eventual way to 
driftwood gray. Water repellent re- 
duces swelling/shrinking cycles. For 
assembly, use only noncorroding fas- 
teners, to avoid rust stains. Nails 
should be hot-dipped galvanized; car- 
riage bolts and gate hardware should 
be stainless steel. 

How you anchor the posts depends 
on where the structure is built. In the 
case of the gateway, galvanized post 
anchors were set in concrete; these 
footings were then covered by the 
gravel walkway. The anchors, with two 
bolts through each post, hold the ends 
just above the ground line. For the big 
planter, posts were tied into the box 
itself, and into the deck railing. For a 
patio installation, you could extend 
these posts into the ground. How you 
set the planter-fence posts will depend 
on whether the planter is to be a free- 
standing structure or a retaining wall. 
If the latter, the posts must be set into 
concrete, below the frost line. 

Since both planters are exposed to 
rainfall, drainage is important. With- 
out it, any planter box will become a 
swamp. Should you elect to build 
planter boxes of other types of lum- 
ber, be sure you provide a liner of gal- 
vanized steel or heavy black plastic 
to keep the soil from contact with the 
wood. Gs) 


More on fence building 


For a folder giving general tips and 
specific plans (how to determine your 
line of run; how to set posts and cre- 
ate the decorative tops shown above, 
etc.), send 50 cents to Western Wood 
Products Assn. Dept. P-125, Yeon 
Bldg., 522 S.W. Fifth Ave., Portland, 
Ore. 97204. For color brochures on red- 
wood fences, send $1 to California Red- 
wood Assn., 591 Redwood Highway, 
Suite 3100, Mill Valley, Calif. 94941. 
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. Maxi mini-va 


By RICHARD STEPLER 


CARLSBAD, CALIF. 
Ehe biggest surprise for me came when I popped the 
hood of the Plymouth Grand Voyager stretched mini- 
van. Instead of seeing a crammed engine bay and al- 
most inaccessible engine— like those in the Chevrolet Astro 
and Ford Aerostar mini-vans parked nearby—the trans- 
versely mounted V6 was clearly visible, with all its serv- 
ice points easily accessible. Even the spark plugs for the 
engine's rear bank of cylinders can be reached simply by 
removing two bolts and the air cleaner. The engine is no 
slouch on performance, either, as I later found out. 

Service ease, of course, isn't the stretched mini-van's 
main attraction: "The 14.6 inches we've added to the length 
isnt a magic number," says Paul Silbert, Chrysler Corp. 
program manager for the van. "We wanted to put a four- 
by-eight-foot panel inside the van with the seats removed 
and the doors closed.” In fact, the panel lies flat on the 
cargo floor. 

The stretched van also gives the two rear seats 3¥2 inches 
of additional leg room each, plus 7.6 inches more cargo 
space in the rear. The added length doesn't make the 
Chrysler van any less garageable: At 190.5 inches over- 
all, "it's the same as a Celebrity wagon," says Silbert. 

Extra power for the stretched mini's extra capacity comes 
in the form of a Chrysler/Mitsubishi Heavy Industries joint 
venture 60-degree V6 that features a "long runner" in- 
take manifold. “The tuned intake manifold provides a 
broad, flat torque curve," says Dave Van Raaphorst, man- 
ager of power-train engineering for the Chrysler/Mitsubishi 
project. In a test drive near here, I found the engine to be 
smooth and quiet running. In fact, it's nearly inaudible 
at idle. The engine pulls strongly on hills, and the trans- 
mission, with a new electronically controlled lockup torque 
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The 3-liter V6 above develops 144 hp at 4,800 rpm. Teamed 
with a three-speed automatic transaxle, it’s the optional 
engine for Plymouth Grand Voyager and Dodge Grand 
Caravan vans (top photo) as well as for the standard van 
(shown by the dotted lines). 


converter, clicks off smooth, almost imperceptible shifts. 
In back-to-back comparisons of a standard Chrysler van 
with the stretched version, I noticed that handling feels 
slightly different: You are aware of the stretched van's 
extra length. I don't think the difference affects the carlike 
handling the Chrysler van is noted for, however. 
Plymouth Grand Voyager and Dodge Grand Caravan cost 
$400 more than the standard van; the V6 is a $600 op- 
tion. The 2.2-liter four remains the base engine. 
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The everything box 


You can fight indoor air pollution with year-round ventilation, and get water heating 
—and more—as a bonus. À company in Wisconsin uses a Swedish concept to combine 
these features in one appliance, saving space, complexity, energy, and money. 


DRAWINGS BY GERHARD RICHTER 


Ventilating water heater pro- 
vides hot water plus space 
heating, cooling, and moisture 
control. In the drawing of the 
system's winter mode (top), 
heat from warm stale air is 
ducted from the center of the 
house to the unit. It passes 
over the evaporator coil, and 
heat from the air vaporizes 
the refrigerant in the coil (de- 
tails at right). The compressor 
elevates the temperature of 
the gaseous refrigerant to 
140^ F, then pumps it to the 
condenser, a  waffle-type 
plate surrounding the water- 
storage tank. As the water ab- 
sorbs the heat, the refrigerant 
condenses and goes back to 
the evaporator, and the pro- 
cess is repeated. After the 
water heater is satisfied, 
space heat is provided if the 
thermostat in the space heater 
(above) indicates a need for it. 
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By SHERRILL CLARKE 


o longer do water heaters just heat water. Consider 
the Therma-Vent HPV-80: In summer it gives you 
air conditioning; in winter it can help heat your 
house; and year-round it provides controlled ventilation. 

A new approach to the heat-pump water heater [“Heat- 
Pump Water Heaters—Best Choice for Your Home?" May 
'82], the Therma-Vent HPV-80 solves a common problem 
of energy-efficient housing: consistent year-round venti- 
lation. Developed by Therma-Stor Products Group, this 
multipurpose appliance provides economical water heat- 
ing by capturing some of the heat in the ventilating air- 
stream. It can replace an air-to-air heat exchanger |"Heat- 
Saving Vents," Jan. '83], water heater, and dehumidifier. 
It can provide supplemental air conditioning and, with 
an optional space heater, supplemental heating as well. 

The Therma-Stor design team began with a concept that 
is popular in Sweden. In fact, it is used in most of Sweden's 
government-financed houses. Kenneth Gehring, who was 
involved with the HPV-80's development from the begin- 
ning, two years ago, explains that the big change his team 
made was in the design of the condenser. “Ours is a waffle 
plate that surrounds the entire hot-water tank," he says. 
"The hot refrigerant gas flows through the hollow center 
of the double plate. The large surface area allows the va- 
porized refrigerant to warm the water quickly.” 

The drawings show the HPV-80's winter mode, when 
heat in the house's stale air is captured by the electric 
heat pump and delivered to the water, then the cooled 
stale air is ducted outside. When extra heat is available, 
a space heater—a remote condenser coil with fan and filter 
—uses the excess to heat the house. 

The amount of heat provided depends on the amount of 
stale air exhausted —fían speed ranges from 70 to 220 cubic 
feet per minute. At 70 cfm the system provides 60 gallons 
of hot water in about eight hours, assuming an 80-degree-F 
temperature rise; at 220 cfm, 85 gallons. 

In the summer the entry and exit points on the unit 
are reversed; the blower draws in fresh air from outside. 
The air is blown through the evaporator, where it is cooled 
and dried, then circulated throughout the house, provid- 
ing about 10,000 Btu/h of air conditioning when the out- 
side temperature is 80 degrees. Recovered heat is deliv- 
ered to the water. Controlled ventilation is supplied as 
needed as long as the system is operating. 

In the original unit (shown), makeup air is provided by 
natural infiltration or through small fresh-air inlets. An- 
other version, the HPX-80, ducts makeup air from outside. 
It is recommended where there are combustion appliances 
that draw combustion air from inside the house. 

Compared with an electric-resistance water heater, it 
saves up to 60 percent in electricity, claims Therma-Stor Prod- 
ucts Group (1919 S. Stoughton Rd., Madison, Wis. 53708). 
Excluding installation and ductwork, it's $1,495. 
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SPECIAL: 
THREE 
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MAKE YOUR CARS 


ORK BETTER- 
UTA fat 


.. -that Tufoil® is 
e better than other 
lubricants. . .the list 


pene ce keeps growing. 


1. Read text for A major Federal laboratory data. 

2, Six U.S. and a number of foreign patents have been awarded to Fluoramics 
for Tufoil". More are pending 

3. Independent laboratory tests throughout the country and throughout the 
world have proven Tufoil's claims of making your car's engine run better, 


_| LAST LONGER- 


run the car you now own; ER <4 


FRICTION s 
Here's How Patented Tufoil Technology, using È 
r | PTFE increases engine life . . . does much more! 


How? By dramatically reducing your engine's internal fric- 
| tion and operating temperature. Now you can get much longer 
life from your car's engine and save hundreds on gas. Many 


* Tufoil cusomers are reporting astonishing performance results! Soe: cuter | | 
JUST WHAT IS TUFOIL? . In sanaa, government aia show a n Belin h low NS 
starting for gas and diesel engines with Tufoil* (5% fuel savings 
? | AND HOW DOES IT WORK? g forg ng 


TUFOIL is an exacting formula of synthetic and mineral 
oils— combined with friction modifiers and particles of 
PTFE—the slipperiest substance known to man. Commonly 
A called Teflon or Fluon, its particles are so small they'll pass 

right through your oil filter—to form a protective coating over 

all your engine parts. TUFOIL will mix with, and improve the 
performance of any motor oil you are presently using, cutting 
| friction to the lowest level of any known lubricant! 


fuel savings of up to 7% 

.. In Israel, scientists at the Technion Research Institute found Tufoil* a reli- 
able lubricant for scorching desert driving. Save fuel too (4%). 

. In Texas, stationary engines used to pump natural gas are lasting more 
than twice as long and running cooler on hot sunny days when Tufoil* is 
used 


4 
5. In Australia, researchers at the University of New South Wales reported 
b 
T 


8. In New York State, the maintenance engineer at a major automobile manu- 
facturer reports in-plant propane fueled lift trucks’ engine life is doubled 
when Tufoil* is used 

9. More and more police departments and racing drivers are switching to Tu- 
foil* to save engine wear and fuel for faster friction-less starts 


á A major Federal laboratory tested TUFOIL on their 4-ball 10 We've had many customers tell us Tufoil* gives astonishing improvements 
, o0 | fester and found it has a surface friction of 29. The pub- M RU DEN DARIN TUN 
lished value for Teflon is .04 so TUFOIL is testing slipperier à de | : 
» than Teflon! Tuloil protects your engine best. It's the most sophis- How To Use TUFOIL* 
Tufoil® technology works ... here's more proof! — ticated engine lubricant ever developed for your car. Just add one 8-oz. container of TUFOIL to your 
| You'll feel your car respond better, start standard crankcase. (It'll treat 4 to 5 quarts of 
When quicker, accelerate faster, climb grades more "gine oil.) If you want to super treat your engine, 
| POPULAR MECHANICS easily, idle smoother and you'll notice the add two bottles! You will see the results in less than 
i iested TUFONS Redi results the first time jou use it. Tufoil is the 1,000 miles. Once your engine is broken in on 
dearer ud à b hi y areae er TUFOIL, add 4 ounces (12 bottle) with each oil 
b BEPC Inne next best thing to engine Insurance: change to keep new performance levels. Use 
z: | anti ! TUFOI ated| he life i 
» Home Mechanix says, “One PTFE additive, TUFOIL, has — ln any weather, throughout their entire performance ila tee gen fid new Thos Dy Ue wey 
undergone field tests and has scientific evidence backing  — "Ue. engines with Tuloil run easier. no scientific basis for claims that one-time 
d its claims for easier cold weather starting and improved Tufoil's remarkable friction reducing formula will keep treatment by any lubricant will last the life of an | 
lubrication and fuel economy. Others do not." your engine temperature lower to prevent overheating. engine. 
r Hot weather . . . when you shut your engine down TRY AN 8 OZ. BOTTLE OF TUFOIL 


Tufoil turns your motor oil into a super lubricant, 
protecting all internal engine parts. 


Most engine wear and damage occurs during starling. 
This is where Tufoil makes a gigantic difference. 

Driving causes only a small percentage of 
the wear on your cars engine; much occurs 
during starting— that crucial "oil-less" period 
before your oil has circulated sufficiently to 
work. With Tufoil, internal engine parts are 
protected even while the rest of your car's oil 
Is still settled down in the sump. 
See NASA Teen Briefs for technical details. Issues: NOV./DEC. 


on a hot summer day, particularly after a turnpike 
run, it's often hard to start. Hot parts expand and 
pinch together. TUFOIL's super low friction helps 
you get going easier. Cold weather puts a big strain 
on your battery and starting motor. Recent Cana- 


dian government and independent lab tests in Mich- 
igan verify improvements when TUFOIL is used. 


Cranking speed for gas engines improved 6.1% . 
diesels 9.6% . . . and a 5% fuel savings too. Six 
U.S. patents 50 far! Make winter and summer driv- 
Ing easier. 


FOR 30 DAYS OR 1000 MILES 

If you're not satisfied, simply send us proof of 
purchase with a note and we'll refund your 
money immediately—no questions asked. 

Send for Tufoil today and prove to yourself 
the amazing increase in your car's performance. 
Fill in the coupon today. Or call TOLL-FREE 
any time, 24 hours a day. 


1-800-922-0075. 
[in New Jersey, call 201-825-8110.) 
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SEND FOR FREE BROCHURE — 30 ANSWERS TO TUFOIL QUESTIONS! 


weit i mre Minen, Pn my Tutoil order — EP Fluoramics, Inc. 7^1 
age age n. , Page 17. | ; | 3 " 
LIN FEB. 1987, Page 21... MAR. 1987, Page 17. : [] ONEB oz. bottle... treat one car for | 103 Pleasant Avenue i 
E i $14.25 (plus $3.50 shipping and Upper Saddle River, N.J. 07458 l 
SPECIAL l handling). See money back Re i x i 
THREE FOR TWO OFFER i guarantee. i d il ae we een T 
ii i " arge my regi ; 
We wanted to say “Thank You" to our old p S aes Soc uate "vi panne -JAmExpress [O MasterCard O Visa J 
TUFOIL customers. Here's the best way we i and handing) SAVE $6.00. Card No. i 
know how. l d Exp. Date l 
Just check the box and mail in your order for - Special Offer eiie - 
2 bottles. We'll send you one free. | YN " 
I'm an old TUFOIL customer and After you've tested TUFOIL, and like it, PNE 
O loveit! Please send one free 8 oz. A aap cua with PONES | 
bottle with my order for two. ET nue ‘ican City | 
| © ONEGALLON . . . treat 16 cars for | I 
©1987 Fluoramics nc. — l $125.00 (plus (6.00 shipping State Zip i 
Mu re Mese «Sram seg and hating a | 
vs MM rag TM. OF Pioramics Oihe US. Patanta issued | over the singe bottle pice BIG SAVINGS Ld i i -j 


<> 
Joined-wing flier 
Called Stratos, this compos- 
ite aircraft is powered by a 
four-cylinder engine driving 
a ducted fan. Top cruise 
speed is 112 mph. The 172-lb. 
plane is sold in kit form for 
about $8,000 plus shipping. 
Ligeti Aero-Nautical Pty., 
Box 362, No. Balwyn, Victo- 
ria 3104, Australia. 
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QBig beater 


McDonnell Douglas Aircraft 
Co.'s MD-80 jetliner is 
equipped with General Elec- 
tric Co.'s unducted fan en- 
gine for flight testing. The 
engine has two fans that ro- 
tate in opposite directions; 
it's expected to use about 
half the fuel of a conven- 
tional jetliner. 


Fire escape 


Made for high-rise buildings, 
the Super Ace S-1 chute is 
stored in a cabinet by a win- 
dow. You lower the chute, 
extend a metal frame, and 
slide down a spiraling poly- 
ester cloth—for a smooth, 
unimpeded descent. Camac 
Safety, 4435 Manitoba Rd. 
S.E., Calgary, Alta. T2G 4B9. 


<> 

Night light 

You can spot cyclists v» mile 
away when they’re wearing 
Body Lite safety belts. Tiny 
replaceable bulbs slip into 
four pockets, lighting pan- 
els of reflective material 
stitched to the sash. Protect 
Designs, Eaton Hall Design 
Workshops, Aldford, Chester 
CM3 6HS, England. 


‘Surrogate diver 


Track a school of fish or 
scout for underwater haz- 
ards without ever jumping 
overboard. A video camera 
inside the C'Cat's plastic hull 
sends images to a color mon- 
itor through a 164-ft. cord. 
Underwater Systems, 12802 
Valley View, Suite 9, Garden 
Grove, Calif. 92645; $4,995. 
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Retractable roof Sporty wagon 


No more rain-outs. It'll take 
20 minutes to open or close 
the four-piece telescoping 
roof for Toronto’s new 56,000- 
seat convertible stadium. 
“The Dome” should be ready 
for the 1989 baseball season. 
The facility may include a 
hotel with rooms overlook- 


The Fox GL Wagon from 
Volkswagen United States is 
the only two-door wagon 
available in the U.S. Built in 
Brazil with a four-cylinder 
fuel-injection engine that 
produces 81 hp, the wagon 
goes from 0 to 60 mph in 11.8 
sec. and has a top speed of 


ing the field. 101 mph. Price: $6,590. 


QRadiation gauge 


Thermoluminescent dosime- 
ters mounted on the Compu- 
Rad card measure X-ray 
doses and background radi- 
ation, creating a record of 
your exposure. You mail the 
card for analysis to Personal 
Monitoring Technologies, 88 
Elm St., Rochester, N.Y. 
14604. Price: $39 a year. 


<> 

Rail rocket 

Italy’s first high-speed train 
must be able to do over 186 
mph on existing track, as 
fast as some trains made by 
other countries to run on 
special lines. Pininfarina, the 
firm hired to do the aerody- 
namic research, built this 
model of the ETR 500 after 
testing other shapes. 


Elongated auto 


This up-sized Yugo could be 
the next low-cost invad- 
er from Eastern Europe. 
Stretched to 156 in., the 103 
Florida is 17 in. longer than 
Yugo's basic GV. Power for 
the front-drive hatchback 
comes from a 1.4-liter, 
70.5-hp engine, with an 81-hp 
power plant yet to come. 
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Tricked-up tractor 


Named after racing great A. 
J. Foyt, this limited-edition 
garden tractor is suitably 
decked out: 14-hp twin-cy- 
linder engine, raised-letter 
tires, chrome wheels, tach, 
foot-controlled hydrostatic 
drive, and high-gloss paint. 
Bolens Corp., Port Washing- 
ton, Wis. 53074; $3,999. 


x 
Water controller 


Need to water your newly 
seeded lawn—but you're 
lounging in Aruba? Water 
Minder II ($39) can be set for 
two watering programs a 
day, any day, week after 
week. Two AA batteries last 
a year, at two cycles a day. 
Ansan Ind., 7400 W. Law- 
rence, Chicago, Ill. 60656. 


Easy-cut lopper D 


Two pivot points and a 
curved guide slot give this 
compound-action lopper im- 
proved performance: It re- 
quires half the force of con- 
ventional anvil loppers, says 
True Temper Corp. (Box 
3900, 465 Railroad Ave., 
Shiremanstown, Pa. 17011). 
Price: about $40. 
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Chain trimmer 


The Beaver Blade gives the 
cutting power of a chain saw 
to your gasoline-powered 
brush cutter for clearing 
heavy brush and saplings, 
says Saw-Tech Ind. Co. (1141 
S.E. Grand Blvd., Oklahoma 
City, Okla. 73159). It also fits 
power saws. Sizes: 7 and 9 
in., at $17 and $18. 


Stand-up trowel 

This long-handled trowel 
lets you dig small holes 
while standing up—for lev- 
erage in hard-to-work soils 
and freedom from a sore 
back and aching knees. The 
52-in. trowel has a tubular 
steel handle. David Kay Inc., 
4509 Taylor Lane, Cleveland, 
Ohio 44128; $26.45 ppd. 
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| QWedgie lawn mower 


The wedge-shaped plastic 
deck of the Noma Super-Lite 
is one reason it bags so well, 
says Canadiana Outdoor 
Prod. (7400 W. Industrial Dr., 
Forest Park, Ill. 60130). The 
other: airflow from the blade 
and a special fan. Louvers in 
the catcher keep dust from 
the operator. $229. 
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What's New 
in Tools 


BY V. ELAINE GILMORE 


Ergonomic driver [> 


A compact cordless screw- 
driver from Wen can drive 
No. 12 screws, says the com- 
pany. Model 226 spins at 150 
rpm, reverses, and recharges 
in 3 hrs. Store it in its stand, 
and the battery stays charged. 
Price: $25. Wen Products, 
5810 Northwest Hwy., Chi- 
cago, Ill. 60631. 


Cushy carrier 


Unlike leather belts, the 
Transporter 2000 lets you 
carry all kinds of tools in 
comfort, it's said. Foam pad- 
ding lines the interior, and 
the rigid plastic case distrib- 
utes the load evenly around 
your waist. Transport Tech- 
nics, 7166 Convoy Ct., San 
Diego, Calif. 92111; $50. 
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QSix-shooter 

Turn the turret, and drill a 
hole; turn the turret again, 
and drive a screw. The $20 
Dial-A-Tool, for your power 
drill, contains Phillips and 
slotted screwdriver bits, plus 
Vies, Ug-, 54e, and '4-in. drills. 
Tekna-Tool, Box 245, North 
Salt Lake, Utah 84054. 


(Quick hang-up 


Hanging pipes and ducts is E et | 

easy with Raco Thread Lock. | TEETE us 
A single nut secures one rod iw Hj ar FEE LT tB 
to a ceiling bracket; you bolt F Feje | see 
the second rod to the sus- y Am ingga! 


pended pipe. Then you mesh : z 
the rods’ free ends and slip s E H i HET 
down the collar. Jernmanu- 
faktur AB, Box 9119, 200 39 


Malmo, Sweden. 


Two-way vac 


In mode 1, Quick Vac is a 
hand-held cordless vacuum 
cleaner. In mode 2 (shown), 
it slips into a handle to clean 
the floor— while you stand. 
It stores (and recharges) in 
a wall bracket. MVP Canada 
Industries, 815-8 Middlefield 
Rd., Scarborough, Ont. M1V 
2P9; Price: $40. 


——— 
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What's New 


in Electronics 


BY WILLIAM J. HAWKINS 


See-everything TV ù 


Take your pick: standard, 
cable, or satellite TV recep- 
tion. All are selectable from 
Zenith's console TV of the 
future. The 27-in. prototype 
contains all the electronics 
needed, so the black boxes 
on top of your set are elimi- 
nated. The gray boxes here 
are for test purposes. 


<> 

Multi-disc player 

The front of Pioneer’s CLD- 
1010 slides out for your disc. 
What disc? Any one you 
want. The player accepts 
audio compact discs, CD vid- 
eos, and LaserVision discs. 
Its audio section uses two- 
times oversampling digital 
filtering; video has 400-line 
resolution. Price: $800. 
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Pocket computer 


Plug-in data packs contain 
programs and data for the 
Organiser II pocket com- 
puter. The $160 unit can 
check your spelling, balance 
a spread sheet, and remind 
you of important appoint- 


ments. It’s made by Psion 


Inc., 320 Sylvan Lake Rd., 
Watertown, Conn. 06795. 


ee 


Mem 
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| (Sound bouncer 


One-half of the Bose 401 
speaker system faces for- 
ward, sending sound di- 
rectly to you. The other half 
faces a nearby wall. The 
combination of direct and 
reflected sounds helps du- 
plicate a concert hall, while 
the stereo remains balanced, 
says Bose Corp. $599 a pair. 


<> 

Digital sound 

Like all digital VCRs, Toshi- 
ba’s DX-900 can display mul- 
tiple TV pictures and freeze 
off-air scenes. But unlike the 
others, it uses a digital sys- 
tem to record the audio. Re- 
sult: Audio playback is as 
good as that of a compact- 
disc player. It’s $1,300. 


, 
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\WNhat’s New at ee die M | 
AMERICAN DESIGN COMPONENTS? teh o 


W: warehouse 60,000 items at | PC 8300 RECHARGEABLE 
American Components LEAD ACID BATTERY 
6V @ 15Ah 


ponents for sale at a fraction of 
their original cost! 

You'll find every part you need — 
| either brand new, or removed from 
equipment (RFE) in excellent condi- 
tion. But quantities ara limited. 
Order from this ad, or visit our retail |! 
| showroom and find exactly what 
you need from the thousands of 
items on display. 

MON. — SAT., 9-5 


THERE'S NO RISK. 


With our full 90-day warranty, 


(IBM® Compat.) 

Double sided/double density, full 

height drive. 48 T.P.I., 80 tracks. | 

Mfr — Tandon TM100-2 

| Item #7928 $79.95 
2for $150.00 

96 TPI, DS/Quad Density 


Mfr — CDC #9409T 
Item #1893 $99.00 


Sealed, compact power sources 
designed for long life and durabil- 
ity. Perfect as portable pack for 
use with robotics, model cars, 
trains, etc. Bolt terminals. 

Dim.: 7.12"L x 2.39"H x 6.57"H 
Mfr — Yuasa, type NP15-12 


Item #12277. $24.95 New | 


DOS 3.2 Compatible — 
96 TPI, DS/QUAD DENSITY 
Tandon TM55- 4 DS/Quad 


item #1904 $79.00 
2 for $1 50. 00 


42-key mechanical keyboard (not 
membrane). Contains 2K of RAM. | 
Reverse video, ZBOA, 6.5MHz pro- 
cessor, ROM BK BASIC. Graphics 


any purchase can be returned for capability/sound- music, TV or MAGNIFYING 250 CFM 240 CFM 
any reason for full credit or refund. meter say gut out aparatas HI- PRESSURE MAJOR® 
coh CM areca BLOWER | y^ FAN 


—P os 


ter, TV cable, and pair of cas- 

| sette cables. Will run all prere- 
corded tapes for Sinclair/Timex | 
1000-ZX81. Mfr — Power 3000. 
In orig. boxes. 

item #10336 $29.95 new 


Accessories... 
*| + 16K RAMPACK upgrade 
item #10337 $9.95 New 
| * 32K RAMPACK upgrade 
| tem #12148 $19.95 New 


*x COLOR PACK 
Item #12147 $19.95 New 


ADAM COMPUTER KIT 
(Less printer & w/o cabinet) 


115 VAC/60 Hz.. "3 
.3 amps. Low Pas | 
noise, high was epe fan for 
cooling in tight places. Five plastic 
| blades with feathered edges, alu- 
minum housing. Ball bearing, ther- 
mally protected. Permanent split 
capacitor motor (cap. built in). 
Dim: 6%°H x 5.92"W x 2" deep 
Mfr — Rotron #MR2B3 


Item #6301 $19.95 nrc 


115 VAC/60 Hz., 
1/10 HP (capac. : m 
supplied). Continuous dr Outlet 
Dim.: 334"H x IYW on 4 &"H x 
4*4" W undrilled flange. Intake 
flange mtd. on 8*4" W centers. OA 
Dim.: 9'5"H x 104 "W x 855"D. 
Mfr — Fasco 47082-0124 

Item #5170 $15.95 RFE 


Multi position, 30”, HAS 
completely adjustable £2 
swing arm with 3-way 

metal C-clamp. Has 4" diopter 
magnifying lens, with ruler. Por- 
celain lamp socket, and on/off 
switch; uses up to a 60W bulb. 
Color: Beige. UL listed. 


item 413136. $24.95 New 


Pane cleric Pei RUNE 15” COMPOSITE Insides of the COMPUTER GRADE 
Pac thick duce fosa an Honicun Jaca VIDEO MONITOR Commodore Computer | POWER SUPPLY 
| cluded. Includes: sili 1 cassette digital : POUR aoaia ia 


RRN AEREE. 
| data drive, 2 game controllers, power supply, | dud un 1 
all memory boards, and one cassette. Capable | 


[ of running CP/M, has built-in word processor. 
jitem #7410 Complete — $99.00 


COLECOVISION GAME 
ag alae 


Gives your Adam fast, reliable data 
storage and retrieval. Can hold up 
to 160K bytes of information. Uses 
industry-standard SS/DD disks. 


157, green phosphor, high reso- 


Connects directly to your Adam | lution (12 lines center) and band- 5 s & .5 amp. 
memory console. Comes with disk | width from 10Hz to 30Hz + 3dB. + @ 3 amp. 
drive power supply, Disk Manager | Operating volt.: 120/240VAC, Commodore VIC 20 CPU board & * 12V @ 6 amp. 


mechanical keyboard. Guaranteed | Input 115V/60H. Dim.: 9% "W 


| Mfr — Coleco, Model 7817 Mfr — Motorola — Alpha Series not to work. (For parts only.) | x 3% "H. (Rubber ft. incl.) 


| tem #12830 $199.00 New | Item #10044 $34.95 new] item #12144 $14.95 RFE] item #9501 $24.95 New 


| PUMPS — COMPRESSORS —BLOWERS — MOTORS —POTENTIOMETERS — COUNTERS 
|, Alec includes power TIMERS —RELAYS —VOLTAGE REGULATORS —POWER SUPPLIES 


ON ¿> supply, instruction 
j "wo manual, modulator, 


,| disk and owner's manual. 50/60Hz., 65 VA max. 


Ò qual, modulator, | WATER/CHEMICAL | AIR MINI WATER/ VACUUM PUMP 
item #7411 $29.95 Kong cartridge. | PUMP COMPRESSOR CHEMICAL PUMP & MOTOR 


ADAM Accessories... 


poor to Adam 
xpansion 
" item #9918 $59.50 
Adam Printer — i 
Item #8839 $69.50 Plastic diaphragm m r— : 
Data Drive — pump, for use in all types of fluid | Usable for vacuum or pressure ap- 


For use in pumping water/chemi- 

| cals, hot/cold. Range: 30 GPM @ 
SOft. head; max. head 50 ft. Pumpis | Produces up to 33 PSI. For air 
supplied w/s HP motor, 115/230V | brush, paint spraying, tire & mat- 
50/60Hz. Thermally protected. — | tress inflation. 115VAC, 50/60 


Inlet: 1'5,"L x 6" dia. x 5%4"H, Hz. Capacitor-run motor. 
Mfr — SEI #12895-002 Dimen.: 4%" dia. x 8% " long 


Item #9983 $59.50 New | Mfr — Thomas Industries Mfr — Shurflo #1058-818-56 | Mfr-Gast 0040-V119 (oilless) & GE 
or2fo $100.00] item #64 $29.95 RFE | item (12283. $29.95 New| item #5327 $39.95 nrc 
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 MINIMUM | 


YES! Please send me the following items: L] My check or money order is enclosed. ORDER | 


item How ; - L] Charge my credit card. Mos 
No. Many? Description Price — Total O Visa O Master Card O Amex j 


Card No. 
Exp. Date 


plication. 4 CFM/15 PSI max. 15" 
| cont., 28" intermittent. Pump is 
directly coupled to a GE 15 HP, 
1625 RPM, 115 VAC, 50/60 Hz., 
| single phase 3.84 motor. Therm- 
ally protected. Mtd. on metal base. 
Dim: BHW x 14*4"L. 


systems: soda fountains, etc. 24 
VDC, or with built-in power sup- 
ply. Plugs into any 115 VAC out- 
let. Inlet dim.: 3/8". Has lighted 
on/off switch, & 6 ft. line cord. 
Mounted on sturdy plastic base. 
OA Dim.: 17"L x 65"H x 6'&"D | 


Item #6641 $19.95 
Printer Power Supply — l 
Item #6642 $14.95 


MAGA Neytinant ous NIO.08 
Controllers — 
(Set of 4) Item47013 $9.95 


Adam Cassettes — 
(Consisting of Smart Basic, Buck Rogers & 


| blank es La Ea #7786 E i 9. 95 
| Adam Link Modem — 


| (Software included.) | 
Item I $29.95| 


Auto-Dialer Address Book — 
Item #12365 $19.95 

ColecoVision 

| Expansion Module #2 — 


(Includes Turbo cartridge) 
Item #13146 $39.95 


ColecoVision Roller Controler — 


Signature 


Telephone: Area Code Number 


Name 


Address 


Shipping & handling, we ship UPS unless 
otherwise specified. Add $3 plus 10% total. 


(Includes Sifther cartridge Canadian: $3 plus P.O. cost. Charge only. 

Item (13148 ! $39. 95 Sales Tax (N.J. residents only, sity 
ColecoVision Super Action please add 696 of total) State Zip 
Controller Set — ORDER TOTAL [- All inquiries and free catalog requests call! 207-939-2710. 
(Includes Baseball ca 


"nw pen 4 $39.95 | For all Sone Ordi: call TOLL-FREE 800- 524-0809. In New Jersey, 201-939-2710. 
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BY JACK KEEBLER 


Dash compasses 


Long-life aluminum-nickel- 
cobalt pilot magnets and op- 
tically correct dials in these 
rugged compasses provide 
accurate, easy-to-read infor- 
mation on travel direction. 
Prices (left to right): $18, 
$45, $16. Airguide Instru- 
ment Co., 2210 Wabansia 
Ave., Chicago, Ill. 60647. 


Road tool 


RoadPal inflates tires, illu- 
minates trouble spots, and 
flashes an emergency warn- 
ing. The 4-lb. tool plugs into 
the lighter and comes with 
a locking valve stem, two 
nozzle adapters, and an air 
needle. Campbell Hausfeld, 
100 Production Dr., Harri- 
son, Ohio 54030; $30. 


<> 

Gate guard 

Available in black or gray, 
Tailgate Guard is a self-ad- 
hesive ribbed PVC material 
that’s applied to a tailgate by 
pressing it in place. Each 
package contains 67 in. of 
4V5-in.-wide PVC, which is 
cut to length with scissors. 
Trimbrite, Box 67, Holt, 
Mich. 48842; $19. 
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Digital tire gauge — 0» 
A loud beep lets you know 
when this digital tire-pres- 
sure gauge completes its 
reading. The $40 Neotech 
500 has changeable adapters 
and measures 0 to 50 psi in 
0.2-psi increments. Neotech 
Industries, Box 610669, 
Dallas/Fort Worth Airport, 
Texas 75261-0669. 


<> 

Rubber fuse holder 
This one-piece thermoplastic 
fuse holder accepts a stan- 
dard '4-by-1'4-in. fuse and is 
rated at 30 amps, 32 V. Test- 
ing indicates it can be sub- 
merged for 24 hrs. without 
adverse effects. Maker: Coo- 
per Industries (Bussmann 
Div., Box 14460, St. Louis, 
Mo. 63178). Price: $3.50. 


<> 


Fits-all wheel 


The Series 88/89 spoke-type 
aluminum-alloy wheel fits 
front- or rear-drive cars 
with four- or five-bolt lug 
patterns. Color choices are 
gold, black, or white in 13-, 
14-, or 15-in. sizes. Price: 
about $150 each. Empco In- 
dustries, 900 Allen Ave., 
Glendale, Calif. 91201. 
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COULD YOU USE 


AN EXTRA 
$200 A DAY? 


TURN YOUR “SPARE TIME” INTO 
"CASH TIME" IN A MONEY-MAKING 
BUSINESS OF YOUR OWN! 


If you've ever dreamed of being your own boss, 
workina when you want, setting your own hours 
and having EXTRA CASH ANYTIME YOU 
WANT, here's a honey of an opportunity... with 
no gimmicks! 


Now start making BIG MONEY in a chimney 
sweeping business of your own. There's never 
been a better time. Demand has never been 
greater! 


SWEEP CHIMNEYS ANYTIME... 


SPARE-TIME OR FULL-TIME! 


Pull in more cash in one hour than most jobs pay 
for a full day! More cold cash in one week than 
most people take home in an entire month! 


Clean chimneys when vou want...evenings, 
weekends, days off, anytime. No time-clocks to 
punch. No boss telling you what to do and when 
to do it. No worry about lay-offs. 


Best of all, you can get into this money-making 
business on a shoestring. The cost is so rea- 
sonable, system pays for itself F-A-S-T! VISA & 
MasterCard accepted. 


THE “SECRET” IS 

IN THE SYSTEM! | 
Using the exclusive August West Chimney 
Cleaning System, it usually takes less than one 
hour to clean the average home chimney. At 
about $65 per chimney, an ambitious person can 
reasonably expect to pull in $500, $700 or more a 
week just cleaning a couple of chimneys a day... 
in spare time! Even more full-time! 


LOOK WHAT OTHERS HAVE TO SAY! 


e System Pays for Itself 
in Only 8 Days! 
“The August West System started us off on the 
right foot. Even on a part-time basis, we have been 
more successful than anticipated. We've secured 
several apartment and condominium complexes 
that enabled us to recoup our investment within 8 
days!" 
Steve Marjoram 
Canada 
e Husband & Wife Team Build Home 
on Chimney Sweeping Profits! 
"From day one, we saw sweeping as a fast way to 
reach our goal to build a handmade house in the 
mountains. Our hard work starting a business 
paid off, and our dream house is now completed. 
Earn $1,000 a week, right? RIGHT!” 
John & Diana Goodman 
Montana 


“CHIMNEY SWEEPS HAVE ALL THE LUCK!” 


e Fireman Gets 12-15 Jobs a Week... 
Just Cleaning Chimneys Part-Time! 
"As assistant Fire Chief of our volunteer fire 
department, my chimney sweeping business is 
only part-time. Still, I get 12 to 15 jobs a week all 

Fall and plenty of $1,000 weeks." 
Richard Randolph 
Ohio 


THE *HEART" OF THE 

AUGUST WEST SYSTEM | 
The "heart" of the unique August West System is is 
the SootSweeper® soot & dust collector featuring 
a specially-enaineered, specially-treated August 
West Filtration System. Working together, these 
major innovations clean every particle of soot and 
dust from the air to make your job easier, faster 
and more profitable for you. 


“A Far More Advanced Method of Sweeping 
Chimneys—Perhaps the Most Advanced in the 
World—Is the One Developed by August West...” 
"There just doesn't seem to be any way to fail in 
this business!” 


The Mother Earth News 
Magazine 


MOST CHIMNEYS CLEANED 


IN LESS THAN ONE HOUR 


Hundreds of thousands of August West Chimney 
Sweeping jobs prove how fast and easy it can be 
to pull in big cash profits daily. Many chimneys can 
be cleaned without even going on the roof! The 
August West System streamlines the entire job to 
get you in and out of each job F-A-5-T! 


GET INVITED TO THE BEST HOMES.. BM | 
| Pecuration es 


AND GET PAID FOR GOING! 


The demand for chimney sweeping has never 
been greater. More homes have more wood 


CH COLD CASH 
DID YOU BRING HOME TODAY? 


stoves, fireplaces and fireplace inserts than ever 
before in history. And those chimneys get 
drenched in creosote, soot and other hazardous 
materials that must be cleaned to prevent the 
devastation of home fires caused by chimneys 


| catching fire. Latest figures show chimney fires 


account for a significant number of home fires that 
caused over $400,000,000 in property losses last 
year alone...not to mention the toll in human 
lives, injuries and suffering! 


WHO MAKES BIG MONEY 
CLEANING CHIMNEYS WITH 


THE FAMOUS 
AUGUST WEST SYSTEM? 


Here is just a sample of the kinds of people who 
are using the August West Chimney Sweeping 
System in chimney cleaning businesses of their 
own...part-time and full-time: 

e Teachers * Laid-Off Workers 

e Truck Drivers e Pilots 

e Accountants e Blacksmiths 

e Military Personnel e Government 

s Construction Workers 


Workers e College Students 
e Salesmen e Seasonal Workers 
e Computer e Production 

Programmers Workers 


e Waitresses e Retail Clerks 

Virtually every occupation, profession or trade is 
represented in our list of August West System 
owners. We know vou can do it, too... and now is 
the time to act! 


YOU RISK NOTHING TO SEE 
FOR YOURSELF ... 


CALL TOLL-FREE NOW 
OR MAIL COUPON BELOW 


Don't delay...act at once! Send no money. You 
risk nothing to find out more. Just call Toll-Free or 
mail coupon now to get all the facts about the 
revolutionary August West System and the big 
cash profits that can be yours in a money-making 
chimney cleaning business of your own! 


[Cali TOLL-FREE 1-800-225-4016 | 


Call TOLL-FREE 1-800-225-4016 
| Ask for Extension 602 
| (In Mass.: 617-753-5544) 
Or write: 


| August West 

| Systems, Inc. 
| 38 Austin St. 

Box 658, Dept. 4289 
i Worcester, MA 01601 


| YES! Please rush me your FREE Information Kit! Í 
ee 
| Address 
| City 

State LL oos Zip 


| 

i 

rit 

Phone ( ) SSS 


Copyright € 1987 August West Systems, Inc. 
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to learn that it isn't even necessary for 
someone to have access to their prem- 
ises. He can tune in to a computer 
from down the street. It isn't even dif- 
ficult or expensive. 

This fact became painfully obvious 
about a year ago at a computer show 
in Olympia, England. Representatives 
of major computer manufacturers were 
there to show off their latest products. 
There was much emphasis on com- 
puter security. Many models featured 
locks and password entries to protect 
against unauthorized tampering, and 
there were encryption programs that 
rendered stored information intelli- 
gible to only the authorized user. 

Into this scene the British Broad- 
casting Corporation sent a reporter 
and a British electronics engineer 
named Sean Walker. They entered the 
show with Walker wheeling a cart. On 
the cart was a video display screen, a 
CB antenna, a VHF receiver, and a 
signal processor. The entire scene was 
videotaped for a program that later 
appeared on the BBC. 

As Walker strolled slowly through 
the show, he adjusted several dials. 
Soon a replica of data appearing on 
the screen of a nearby Epson PC AX 
appeared on Walker's screen simulta- 


| MA: 


SALE! from $2. 42 


Approx. 12 mil thick. Protect 
equipment, woodpiles, hay- 
stacks. Waterproof woven poly- | 
ethylene. Rustproof grommets ::., — 
| every 3 feet and at corners. 


a - - 
| Tools 


Cordless Driver (6539) $66.99 
CircularSaw (6365) $115.99 
1/2” VSRDrill(0234) $119.99 | 
Sawzall*, VS (6508) $137.99 


A DELTA Tools 


8” Bench Grinder (23-880) $81.99 
B" Drill Press (11-950) $99.99 
14” Band Saw (28-243S) $479.99 
Sawbuck" Saw (33-150) $529.99 


ge 


Shipping å handling not included. 
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off list prices on name brands! 


Heavy Duty ss E| 480x8” 
Waterproof 4&5-Hole P 
X! Wheel & 2 
zx Tire EE 
6x8’ to 30x60' | X 
$ 1 = a 95 RM 


| Folds to 2' Wide! 


qe 
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neously. “Any hobbyist or amateur 
radio enthusiast could probably put 
this system together in a few eve- 
nings,” he said on the broadcast. The 
cost: about $500. 

This theatrical—but sobering— 
stunt was based on the work of a Dutch 
researcher named Wim van Eck of Dr. 
Neher Laboratories PTT, in Leid- 
schendam, Netherlands. It had been 
known for years that computers radi- 
ate weak signals theoretically capa- 
ble of being decoded, but it had been 
widely assumed that complicated and 
expensive equipment—available only 
to government spooks—was needed to 
capture and make sense of these 
emanations. 

That dream was abruptly ended 
when van Eck assembled readily avail- 
able electronic equipment, parked a 
van outside of an office building, and 
read off information appearing on com- 
puter screens several stories up. With 
slightly more-sensitive equipment, he 
says, he can pick off data from com- 
puters two kilometers away. 

The principles van Eck used are 
well known. The words, numbers, and 
even graphic images appearing on a 
computer screen are formed by a beam 
sweeping across the screen in a TV- 


Rugged '2" 
t «Steel edging. 


` 1000-Ib. 


Northern pept. 69174 
Hydraulics 


Sale ends Aug. 31, 1987 


Call Toll-Free 1-800-533- 5545 
24 hours a day, 7 days a week! 


il LLLI O 


Deluxe Garden Cart. 
FREE Dumpster Door 40" 
x 25"x14" box carries large loads. 
plywood; 1" galvanized 
Ball-bearing 20" 
«t wheels. 72 Ibs. UPS in 2 boxes. Sale 


Item #14512 $64. 95 


like raster. The beam is off where the 
screen is supposed to be dark, and on 
as it crosses an area that is supposed 
to light up. This switching of the beam 
on and off generates a digital signal 
that can be picked up some distance 
away, as van Eck demonstrated. If an- 
other display unit at the receiving lo- 
cation has a beam sweeping across it 
in perfect synchronization with the 
one at the computer being tapped, and 
if the received signal is used to switch 
on the electron beam in this display, 
then a display identical to the one at 
the original computer will be formed. 
Van Eck pointed out that the signal 
is easy to pick up, because the signal 
that switches the beam on and off is 
amplified to several hundred volts, un- 
like other signals in the computer or 
display. Thus it radiates strongly. 
The only real trick is synchroniz- 
ing the beam sweeping back and forth 
across the eavesdropping display with 
the one on the computer being bugged. 
A television broadcast contains syn- 
chronization signals that are used by 
the receiver to keep its beam in sync 
with the beam at the originating sta- 
tion. A computer transmits no such 
sync signal. So van Eck built a spe- 
cial circuit to discover the original 


TEIG 


Pumps 8,400 GPH; 28' max 


dea WA ift Powerful 3-HP Briggs 
T tare engine. Ship wt. 37 Ibs. 
Lists for $329.95! Sale 


.$157.95 
Lowest prices! MUS 


GAS i$ 
| ENGINES * 


| VERTICAL : 

5-HP Tecumseh.. SALE 
..Step Shaft..$144.95 | 
8-HP Briggs...$229.95 
10-HP Tecum. $219.95 


| $10996 .. 


z5 Bees —: HORIZONTAL Engines 
4'x8' Fold-Up Utility Trailer udis-Sedtei byTECUMSEH! SALE 
Why rent? Folds and rolls on its cei 5-HP Engine..$129.95 
casters, 222 Ibs. List $349.95. A Starting a 8-HP ..........$187.95 
tem#1257 $179.95 i $1 7.95 |o su 9219.95 


Send for voir FREE catalog or send $6.00 and 
i ALSO receive Log Splitter Design Book! Mail to: 
| NORTHERN HYDRAULICS, DEPT. 69174 
i P.O. BOX 1219 ab amm 
í Burnsville, MN 55337 i 
I 
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sync mode and generate a new signal 
to synchronize the receiver. Then he 
presented a scientific paper on the de- 
vice at an industry meeting, Securi- 
com '85, in Cannes, France, in 1985. 

Computers involved in national se- 
curity—especially those in such places 
as embassies in foreign countries—are 
presumably shielded to prevent such 
eavesdropping. For 20 years the US. 
Government has had a series of stan- 
dards called TEMPEST designed to 
cut down on the radiation allowed to 
escape from a computer. (TEMPEST 
was originally an acronym for Tran- 
sient Electromagnetic Pulse Emana- 
tion Standard.) Although no one will 
comment officially, we learned infor- 
mally that the standards require that 
the potential signal be attenuated by 
about 70 dB—a large amount. But one 
source estimates that it may double 
the cost of a computer to build in this 
kind of protection. A spokesman for 
Wang Laboratories Inc., which builds 


TEMPEST-protected computers, said | 


it adds 20 to 50 percent to the cost. 

TEMPEST-protected computers are 
probably reasonably secure. But de- 
fense officials worry that bits and 
pieces of sensitive information on 
small computers in engineering devel- 
opment departments, in the offices of 
government officials, and elsewhere 
may not be so secure. And banks, in- 
surance companies, hospitals, and oth- 
ers with confidential information are 
probably vulnerable. 

A much lower-cost protection sys- 
tem may be the solution for these 
units. Al Montross, president of Data- 
protek in Boca Raton, Fla., builds a 
shielded cover that goes over the en- 
tire computer. Montross says it cuts 
down on the radiated signal—by 60—65 
dB rather than TEMPEST’s reported 
70—and costs only $650. 


Low-tech bugging 


Bugging unprotected computers is 
relatively easy because it does not re- 
quire access to the premises. But even 
typewriters can be bugged with a lit- 
tle effort. For example, in March 1985 


U.S. officials announced angrily that | 


the Russians had planted a large num- 
ber of bugged typewriters in the U.S. 
embassy. Apparently they had either 
planted bugs in the IBM Selectrics 


during their shipment to the embassy | 


or had exchanged them for pre-bugged 
models. How do you bug a typewriter? 


To find out, Senior Editor John Free | 


visited Ace Typewriter Sales & Repair 


Company's shop in New York. He | 


reports: 

"I climbed the flight of stairs and 
met Paul Federman, manager of the 
shop. IBM Selectrics are totally me- 
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2 Cleanin 
Edge 


GUARANTEED 
FOR THE LIFE 
OF YOUR CAR. 


7i AWOA | Al 
THE WORLD'S FIRST SYNTHETIC WIPER. 


Tripledge blades are made from DuPont 
Nordel* —the same material used in 50,000 
mile radial tires. Tripledge wipers will never 
tear, crack, split, rot, dry out or stick. Not 
affected by ice, snow, blazing sun, smog or 
road chemicals. 


EASY, DO-IT-YOURSELF INSTALLATION. 


Includes 2 complete units: High Quality Black 
Metal Superstructures complete with Tripledge 
Lifetime Wipers. They snap on in seconds. 


CUSTOM FIT for INE every U.S. and 


import car, van or truck. 


g 3 Squeegee 
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THREE WIPING 
EDGES »— 


e The first edge | 
removes the bulk of 
water or winter snow. 

e The second edge romoves bugs, 


road film, dirt. 


e The third edge squeegees the glass 
— P 
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We guarantee Tripledge Wiper Blades 

for as long as you own your car! No 
other wiper blade can offer this guaran- 
tee. If you are not completely satisfied ¿= 
you get your money back. 


SINIT 


=j | 


AIR-FLO DESIGN. Biades won't lift in 


high winds, high speeds. 6 claws grip 
firmly, distribute pressure evenly. 


PATENTED DESIGN 


Protected by U.S. Patent 4473919. 


SUMMER SALE 


Thousands sold at $12.95/pr 


Now a! Ez fhair 


GOOD THROUGH | SEPT. 30, 1987 


CALL TOLL-FREE 1-800-847-0653 


PA residents please call 1-215-638-8008 or send check, mon 


ey-order or card number and expiralion 


date of your VISA or MasterCard. Credit card numbers handled with strict security. 
TRIPLEDGE WIPER CORP., Dept. 098, 3165 Tucker Road, Bensalem, PA 19020 


| ]YES! Sendme . | 


pair 


Lifetime Wipers-the only wiper GU 
for the life of your car. 


Name 
Address _ 
City 


VISA/MC# 

Car #1: Year 
Car #2: Year 
Car #3: Year 
Car #4: Year 


1 pair $9.95 

2 pair $19.90 

3 pair 26.85 Save $3.00 

4 pair 33.80 Save $6.00 
(Single Blades $6.50 ea.) 
shipping $1.95 first pair 

(Shipping 2nd, 3rd, & 4th pair, 

only $1.00 each) 


Amt. Enclosed: 
Pa, Residents Add Sales Tax 


Exp. Date 
Model _ 
Model 
Model 
Model _ 
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Scientific Study Ranks 
Nordiclrack #1 


In tests of exercise efficiency at a major 
university, NordicIrack burned more 
calories and provided greater aerobic 
workouts. 


Rank of Exercise Efficiency 
1. NordicTrack X-C Ski Exerciser 
2. An Exercise Bike 
3. A Rowing Machine 
4. A Shuffle-Type Ski Exerciser 


NordicTrack's higher oxygen usage test 
scores show that more muscle mass is 
involved in the exercise and more 
calories are being burned. 


It's Only Logical that 
NordicTrack Would Get 
the Highest Scores 


| * because NordicTrack is more complete 


than an Exercise Bike. 

Adds important upper body exercise. 
Provides more uniform leg muscle 
usage. 


* because NordicTrack is more thorough 


than a Rowing Machine. 

NordicTrack's resistance is proportioned 
according to the individual muscle 
strength-no major muscles are over- 
stressed or under-worked. 


e hecause NordicTrack has inertial 


resistance not available on a 
Shuffle-Type Ski Exerciser. 

Other ski exercisers use less efficient 
frictional resistance with a resulting 
calisthenics-like feeling. NordicTrack's 
unique flywheel resistance for a life-like 
feeling of smoothness and continuity 

is matched only by real skiing. 


Burns Up To 600 Calories per 
20 Minute Workout 


Free Brochure, and New Video! 


800-328-5888 


Minnesota 612-448-6387 


Nordicfra c 


& PSI 1986 


mi T 


141PS Jonathan Blvd. N., Chaska, MN 55318 
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chanical, he explained, except for a 
drive motor to slide the type ball back 
and forth horizontally. À complex sys- 
tem of levers, gears, and other ele- 


| ments spins and tilts the type ball 


correctly to print the letter you strike. 
This mechanical motion, however, is 
quite simple to transform into an elec- 
trical signal that can be transmitted 
out of the building and used to re- 
create anything typed on the machine. 

"Federman had a partially disman- 


| tled Remington typewriter sitting on 


the bench. Its operating principle, I 


| learned, was similar to the Selectric's, 


and the same technique could be used 
to bug both. 

“ "We discovered a good way to bug 
the typewriters, Federman said, at- 
taching a cookie-sized rubber wheel 
to the side of the machine. Turning 
the wheel enabled him to slowly cycle 
through one keystroke. He pressed a 
key, then turned the rubber wheel 


| slowly. He pointed to a thin metal strip 
| just below the keys. Six narrow bars 


from deep inside the typewriter pro- 
trude through small holes in the strip. 


| Pressing any key on the keyboard 


causes the six bars to assume a par- 


| ticular configuration peculiar to that 


key alone. For example, press an ‘m,’ 
and two of the bars might be station- 
ary while four others would protrude 
/4 inch from the strip. Put six sen- 
sors—simple microswitches would do 
—where the bars come out of the strip, 
and transmit this information to a re- 
ceiver nearby. By simply reading the 
combination of ups and downs, you can 
tell which key has been struck and 
thereby re-create the message. 
“Microswitches would be pretty easy 
to spot, of course, but a skilled elec- 
trical technician could embed tiny 
magnetic or other advanced motion 
sensors deep within the machine where 
they would be highly difficult to spot. 
Electrical power would be no problem; 


| the bug could be wired into the type- 


writer’s electrical supply.” 
The cold (bugging) war 


These and many other kinds of bug- 
ging devices were obviously used in 
the new U.S. embassy in Moscow. But 
its been hard to tell what; in their 
outrage U.S. officials shed a lot of heat 
but little light over exactly what they 
had discovered. They charged that the 
entire building might have to be de- 
molished, so packed is it with spy de- 
vices that they can probably never all 
be found and destroyed. Yet putting 
together the background information, 
it’s possible to deduce what must have 
happened. 

According to news reports, bugging 


| is such a fact of life that U.S. officials 
simply weren't too concerned about it. 


Bug ging Continued | 


They counted, the reports said, on 
sweeping the premises after they took 
over the building to get rid of the 
bugs. “Our assumption was that we 
could rectify whatever the Soviets had 
done once we took control of the build- 
ing," said a senior State Department 
official. "That may have been too 
optimistic." 

Official statements make it clear 
that sweeping teams found huge num- 
bers of bugs, microphones, and other 
suspicious devices. They were stunned 
by the complexity of the bugging. 
What could the Soviets have put in 
the building that could have produced 
such a reaction? Practically every- 
thing: There were cables apparently 
connected to nothing, and reinforcing 
rods arranged in peculiar ways, pos- 
sibly to form antennas. There were 
cavities of wire mesh, and small empty 
metal cones. All of these may well be 
passive units queried by microwave. 

An elaborate network apparently 
covered the most sensitive area of the 
chancellery, a windowless floor obvi- 
ously intended for secret operations. 
Hundreds of tiny microphones were 
apparently cleverly hidden every- 
where. "Normally they could spot the 
wires leading to microphones," says 
Microlab/FXR's Augenblick. “But 
what the Russians appear to have 
done is to put the wires inside steel 
reinforcing bars and other metallic ob- 
jects that X-rays don't penetrate." 

That wasn’t the end. Charles Tay- 
lor, an expert on counter-surveillance, 
says one thing the Russians probably 
did that threw such consternation into 
the U.S. security forces was to bury 
thousands of tiny diodes in the con- 
crete used for the building. Such di- 
odes, which could be pinhead sized and 
cheap in addition, could be mixed in 
the concrete by the thousands or even 
tens of thousands. Then a sweep with 
a nonlinear junction detector would 
get back thousands of signals from 
every place—completely masking the 
real bugs that undoubtedly lay hid- 
den behind this electronic camouflage. 

"Its hard to understand how we 
could have put ourselves at a tactical 
disadvantage like this," said a White 
House staffer. "It's a bugger's dream," 
echoed Hal Lipset, the “martini olive" 
bug maker. “The whole building is 
nothing but an eight-story micro- 
phone,” echoed a statement subse- 
quently reported to have been made 
by Lipset, Rep. Dick Armey (R-Texas), 
and Rep. Connie Mack (R-Fla.). 

The future of the embassy? One se- 
curity man said we'd have to “destruc- 
tively search" the building to find all 
the bugs. That's a euphemistic way of 
saying we'd have to tear it apart brick 
by brick. 


| 
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Microtip T TV 
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once the market is identified, to tool 
up to this process. It might even 
be easier than making conventional 
CRTs because of the parallel process- 
ing.” The largest array made to date 
is five inches in diameter. “The limit 
is having the molybdenum source far 
enough away that it looks like a par- 
allel beam coming in,” says Spindt, the 
way the sun is always in the same spot 
as you drive down a road. 

The other limit is the cost of silicon 
wafers large enough to build a full- 
size flat screen. The French approach 
—originally used by SRl—starts with 
a glass substrate to overcome this 
problem. Because glass is not conduc- 
tive, it must be covered with a thin 
film of niobium metal. This film is pat- 
terned into narrow stripes across the 
glass, and a dielectric layer of silicon 
dioxide is deposited on top. Stripes of 
niobium metal running crosswise to 
the first stripes (see drawing) form the 
fourth layer. 
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Brightness counts 


A full-color screen, according to 
Spindt, will have as many as 1,000 
microtips per pixel. This keeps picture 
quality high even if a few of the mi- 
crotips malfunction. Maintaining 
brightness is especially important for 
an avionics display. "You might take 
a quick turn and get full sunlight 


right at the display," says Spindt. "If | 
you've ever taken a portable TV out- | 


side, you know what it's like. The pic- 


tures gone just when you needed a | 


crucial bit of information.” As for res- 


olution, Spindt says it could be possi- | 
ble to have lines only microns apart— 


approaching one emitter tip per line 


—but that kind of resolution is not | 


needed for current applications. 


There are other flat-screen technol- | 
ogies around, including liquid-crystal | 


displays, vacuum fluorescents, and 
plasma displays, but all have their 
faults, says Spindt, including low res- 
olution, high power demands, and 
complicated electrode matrix systems. 
“The more you try to do something 
different to get the same result as the 
plain old cathode-ray tube, the more 
you appreciate the elegance of that 
critter, says Spindt. But with the 
microtip display, SRI might just sur- 
pass those results. 

Other uses for Spindt cathodes could 
include electron microscopes, mass 
spectrometers, and free-electron la- 
sers. Eventually tiny vacuum-tube 
circuits could be used as a higher- 
speed, heat-and-radiation-resistant 
alternative to solid-state integrated 
circuits; electrons move faster in a vac- 
uum than in a solid-state medium. 
Spindt also thinks that microtip dis- 
plays may enter the auto market. Es! 
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SPECIAL PURCHASE! BRASS LIGHTING FIXTURES 


OUTDOOR LANTERNS 


A Traditional Lantern by Catalina Lighting" Fixtures 
to warmly greet guests at your door! Our Buyer 
made a special purchase so you can now buy at a 
LOW liquidation price! 


e Clear Beveled Glass Panels Have Subtle Star 
Etching. 

e Hexagon Shaped Lantern Has Decorative Finials 
at Top and Bottom. 

e |n Antique or Polished Brass. Size: 142" H x 642" 
Across. U.L. listed. Easy to Install. 


90-Day Limited Vendor Warranty. 


Mfr. List Price: 


Liquidation 
Price Each ioueuona eura] 
Antique: Item H-2703-7032-469 
Polished: Item H-2703-7032-477 


Shipping, handling: $5.00 each 


To Order Call Toll-Free: 1-800-328-0609 


residents add 696 sales tax. Sorry, no C.O.D. orders.) 
[] My check or money order is enclosed. (No delays in 
processing orders paid by check.) 


PLEASE 
CHECK: 


SEND TO: Item H-2703 PLEASE PRINT CLEARLY ü 
GEE Direct Marketing Corp. Name 

1405 Xenium Lane N/ Minneapolis, MN 55441-4494 ir Fo F 
Send. Antique Brass Lantern(s) Item H-2703-7032-469 fees oe " 
at $19 each, plus $5 each for ship, handling. City : 
Send. Polished Brass Lantern(s) Item H-2703-7032-477 i 
at $19 each, plus $5 each for ship, handling. (Minnesota State ZIP I 
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Our 
Wallbanger 
Guide 
can help any 
Tom, Dick or 

Harvey. 


FIVE MODELS 
AVAILABLE 


It shows you how easy it is to shingle 
or shake over old paint and save a bundle 
doing it. So you dont have to worry about 
scraping, sanding or priming. Just follow 
the cost-saving, labor-saving directions 
and give your home a beautiful cedar face- 
lift in no time flat. 


Guide for installing red cedar shingles or chalked | 
on sidewalls. $1.00 


EE 4 | 
jl. o | m——D——— | 
State. — — Zip 


Red Cedar Shingle & 
Handsplit Shake Bureau 


Suite 275,515 - 116th Ave. NE, Bellevue, WA 98004 


Sales outside the 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 


Stone Mountain, GA 30086 
24 HOUR PHONE DEMO LINE: [404) 493-6879 


Credit card customers can order 
by phone, 24 hrs. a day, 7 days a week. 
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Sign Here 


The World's Largest Mfgr. of 
Quality Portable Bandsaw Mills 


Now with Hydraulic Log Handling 


« One Man Remotely Loads, Turns, Clamps _ 


* Capacities up to 32" Dia. 
A 33 


« Safe—Precise—Efficient 
* More Lumber per Log 


Long 


BUY DIRECT —3 FACTORY SALES LOCATIONS rr 
44-Page Catalog, Send $1.00 to: Wood-Mizer*, 
6180 W. 10th Street, Indianapolis, IN 46214 or Call (917) 2 27 


Dept. 
-1544 


REMO VES VOCALS FROM RECORDS! 


Now You can sing with the world's best bands! 


The Thompson Vocal Eliminator can remove 
most or virtually all of a lead vocal from a standard 
stereo record and leave most of the background 
untouched! Record with your voice or perform live 
with the backgrounds. Used in Professional Perfor- 
mance yet connects easily to a home component 
stereo system. Not an equalizer! We can prove it 

| works over the phone. Write or call for a Free 
ps37 1| Brochure and Demo Record. 


LT Sound, Dept. PS:3,P.0. Box 338, 


(404) 493-1258 
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Authorized Liquidator 


[Users] TM 
RADAR DETECTOR 


U.S.A.-Made! Due to a manufacturer's 
overstock, this factory new Whistler™ 
Radar Detector is liquidation priced at 
BELOW dealer cost! 


è HIGH SENSITIVITY. Triple conversion 
superheterodyne circuitry for earliest 
warning. 

e SELECTIVE. Precise tuning to "X", "K" 
bands, minimizing false alarms. Also 
detects hand-held pulse radar. 

e LONG RANGE. Provides early warning 
around curves, over hills, from behind. 
e TWIN ALARMS. Flashing red LED light 

and audible alarm alert you. 

e SIGNALS. The closer the radar, the 
faster the light flashes and audible alarm 
"clicks" 

e 2-WAY SWITCH. "Quiet" for city. 
"Norm" for highway use. On/Off switch 
with LED light. 

e COMPACT. Just 134"H x 4"W x 5"D. 
Mounts to dash or visor. Plugs into 12V 
cigarette lighter socket. 


One-Year Limited Factory Warranty. 


Mfr. List Price ..... 3179.95 


Item H-2722-7129-612 
Shipping, handling: $3.75 ea. 


phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 
Sales outside the 48 contiguous states are subject to 
special conditions. Please call or write to inquire. 


C.O.M.B. Direct Marketing Corp. Item H-2722 
1405 Xenium Lane N/Minneapolis, MN 55441-4494 


Send. —Whistler* Radar Detector(s) Item H-2722-7129- 
612 at $99 each, plus $3.75 each for ship, handling. 
(Minnesota residents add 696 sales tax. Sorry, no C.O.D. 
orders.) 


O My check or money order is enclosed. (No delays in 
processing orders paid by check.) 


AL. No. ———DÓ— ——Ó COE A 
PLEASE PRINT CLEARLY 
Name 
Address = 
City — 
State L———- — — F 
Phone 


Sign Here 
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“Say, Smokey—”’ 


A clinic on cars by Smokey Yunick, America’s most famous mechanic 


Blown gaskets 


I just purchased a used 1982 Cadillac 
with a 4.1-liter V6 engine. Both head 
gaskets blew at about 60,000 miles 
and were replaced. The Cadillac dealer 


knows of no factory service bulletin | 


or special torquing procedures for the 
heads. Are there any special precau- 
tions I can follow to prevent this from 
occurring again? 

Gerald Bulova, Flemington, N.J. 


If they blow again, I would suggest re- 


| placing them with a premium grade 


of head gaskets; one company that 
makes such gaskets is Fell-Pro (7450 
McCormick Blvd., Skokie, Ill. 60076). 
It is critical to make sure all of the 
head bolts are tightened to the correct 
tension and in the correct sequence. 
Then it helps to retorque the heads 
after the car has been used for two or 
three short runs. Make sure the igni- 
tion system is performing to spec and 
that coolant temperature is in the nor- 
mal range. Using premium fuel will 
help prevent detonation, which is mur- 
der on head gaskets. 


Valve clatter 


I am experiencing what I consider ex- 
cessive valve noise when the 3.8-liter 
V6 engine in my 1983 Buick Regal is 
run fully warmed up under load. Two 
mechanics have advised me to add an 
occasional tank of high-octane gas. Is 
this a natural characteristic of this 
engine? 

Harry Moyer, Philadelphia, Pa. 


| The next time you change the oil, use 


a heavier grade. If the engine quiets 
down, it's telling you it needs more oil 
pressure to the lifters. A dirty engine 
with clogged oil passages and lifters, 
or an engine with worn bearings and 
lifter bores will develop a noisy valve 


| train. It sounds like it's about time for 


engine disassembly, cleaning of parts, 
and replacement of those parts that are 


| worn beyond specifications. 


Quitting time 


My wife and I are 80 years old. I have 
a 1979 Chevrolet, which I use to make 
short trips. My wife doesn't drive. Is 
there any sort of gadget I could put 
in my car so that my wife could shut 
off the ignition if I had a serious med- 


ical problem? There have been some 
stroke victims in my family. I know 
there are special options for handi- 
capped drivers. I like my wheels, and 
I do minor service on the car. 

(Name withheld), Marquette, Mich. 


| No, I’ve never seen anything that fits 


your needs. But I must make a com- 
ment. As important as your wheels are 
to you, do you feel that it's fair to your 
wife and to those who are on the road 
along with you to drive when you feel 
there is a chance you will lose control 
of your car for medical reasons? I think 
we all owe it to each other to recognize 
when it's time to give something up if 
we feel that it may endanger ourselves | 
or others. In a few seconds of inatten- 
tion while driving you can easily maim 
or kill other people. This is not the 
same thing as adapting a car for a per- 
son who has a handicap but is other- 
wise in good physical condition. 


Mothballs 


In the 1970s, when octane levels were 
decreasing and leaded gas became less 
plentiful, many race drivers in this re- 
gion were adding mothballs to their 
fuel tanks to compensate for the loss 
of octane in gasoline. I have a 1976 
VW Scirocco, which requires 92-octane 
unleaded gas. After numerous profes- 
sional tuneups and consultations, I 
have been unable to eliminate knock- 


| ing under load or on hills. Could the 


addition of the right quantity of moth- 
balls help to increase the octane lev- 
els of the unleaded gas? 

Robert E. Enninga, Beaverton, Ore. 


Don't do it. If you do, you will have 
the worst gooed-up mess imaginable 
in the entire fuel system. I have seen 
mothballs in fuel reduce knocking at 
a given spark level, but I don't know 
why. I don't even know why moths hate 
mothballs. But I do know it's no prac- 


| tical way to boost octane. 


Here are a few things you can do to 
reduce knock: First, make sure the 
exhaust-gas-recirculation (EGR) sys- 
tem is working right: It should reduce 
knock without reducing fuel mileage 
or engine power. The system should be 
supplying EGR when manifold vac- | 
uum reads from 3 to 18 inches. Next, 
have the exhaust gas analyzed to find 
out if the engine is running lean, and 
correct the problem if it is. Then check | 


the timing, and have the distributor- 
advance curve recalibrated to retard 
ignition timing at the rpm and vac- 
uum levels where you observe knock. 
This will cost a little power and fuel 
mileage. 

Another thing is to run a cooler ther- 
mostat, if you can. Also, if the intake- 
air temperature is above 140 degrees 
F, the intake ducting should be re- 
| routed away from heat sources. Finally, 
a more drastic method: Remove the cyl- 
inder heads, and decarbonize the pis- 
| ton crowns and combustion chambers. 
Heavy carbon buildup can raise the 
| compression ratio and create hot spots 
that cause preignition. If there aren't 
heavy carbon deposits, you can de- 


crease the compression ratio by grinding | 


the combustion chambers to slightly 
increase their capacity. Find a com- 
petent shop that builds race engines 
to do this work. 


Locked-up brakes 


I have a brake problem on my 1979 
Chevrolet Malibu Classic: The pres- 
sure in the brake system builds up, 
and the brakes lock. I’ve changed the 
power booster five times. I have put 
in two master cylinders and two brake 
calipers with flex lines, plus the main 
control valve. The brake pressure builds 
up while I'm driving down the road. I 
don't even have to touch the brakes; 
they just gradually lock up. 

Dennis Catoe, Kershaw, S.C. 


| The next time you feel the brakes be- 
ginning to drag, take the car some- 
where—preferably a garage—where it 
| can be worked on. Then crack open the 
brake bleeders one at a time. The one 
or ones that shoot out a stream of brake 
fluid will give you a clue as to whether 
it's a wheel-cylinder problem (only one 
bleeder spurts fluid), a proportioning- 
valve problem (two wheels at once do), 
or a master-cylinder problem (they all 
| do). Check for incorrect adjustment of 
the brake pedal—this can cause the 
| power-brake unit to activate even though 
the brakes aren't being applied. Finally 
clean, lubricate, and check the func- 
tion of all springs, caliper and wheel- 
cylinder seals, and hardware. 

| Got a car problem? Send it to “Say, Smokey—,"’ POPULAR 
SCIENCE, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 


| this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 


POCKET SIZE TOOLS 
FOR SERIOUS WOR! 


Eaglestone’s pocket size, cordless, 
Portasol soldering iron and 
DM1000 digital multimeter offer 4 
capabilities that get your jobs done! 


BUTANE POWERED, SOLDERING IRON 
Powered by ordinary butane, 7" long, 

Portasol solders anywhere you need it! 

Adjustable output equivalent to 

10 to 60 watts. Low cost: $30. 

e Safe, no open flame 

e 4 replaceable tip sizes available 

® Heats and cools in seconds 

e Eliminates battery charging 


SHIRT POCKET, Ai 
DIGITAL a. ae 
MULTIMETER 
Test electrical 
equipment — at 
home, on job, and 
in your car. Quality, 
DM1000 measures up  * 
to 500V ac/dc and 20 megohms. Includes 


ea th 


Call TOLL! FREE: 
1-800-221-5749 


" In CT: 203-877-4417 — 


Mon-Fri, 9-5:30, EST. 


am 84 RESEARCH DRIVE * MILFORD, CT 06460 
4 Send — Portasol iron(s) at $30. each 
Send — DM1000 Meter(s) at $35. each 
Shipping and Handling Charges: 

Under $50. add $2.00; 

$50-$100. add $3.00; $100-$200. add $4.00; 
f Over $200. free shipping and handling 

CT residents add 72% sales tax. 
— — My check or money | order is enclosed. 


Charge: Master Card" 
probes and carrying case. Only $35. Acct No. 
e Folds to 4.5"H x 3"W x 1/2" thick i Exp | | Signature 
e Easy-to-read display i NAME __ aa = 
e Continuity/Diode check yel 
y g ADDRESS 

Satisfaction guaranteed. RISK FREE B CITY - 

30 day money-back return. STATE ZIP _ 

FULL ONE YEAR WARRANTY. | TEL [ 


PSX3 


| BANKS 
TURBO POWER 
Flattens Out Those Hills 


Beauty and Economy f 
Under One Roof 


Aman. 


| BANKS DIESEL TURBO SYSTEMS 


- om 


DE ILS 


` maay Saving With More Floor 
Space 

* Easy To Assemble in One 
Weekend With Pre-Insulated Kit 

« Provides Open Feeling with 
High Ceilings, Overlooking Lofts 


FORD 6.9L TURBO 
GM 6.2L TURBO ALSO AVAILABLE 


10290 Davison Rd. | 
GEODESIC acme e EMISSIONS LEGAL IN ALL 50 STATES 
DOMES, sro hw) 22 East e UP TO 50% MORE HORSEPOWER 
=a, INC. Ponchatoula, LA T0454 e EXCELLENT HIGH ALTITUDE POWER 
Rush me the (504) e DEALERS NATIONWIDE 
following Items: PS 


e YOUR POWER SOURCE "SINCE 1958" 


DANI. 


Gale Banks Engineering 
546 Duggan Avenue, Dept. 651 
Azusa, Ca. 91702 (818) 969-9605 
© 1987 GALE BANKS ENGINEERING 
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KÌ 110 pg. color brochure with 80 floor plans. 
Enclosed is $8. 
(J For right now, just send me your FREE flyer. 


quos M 


You. find the Mot helpful shopping — 
mation in the 108 page fl api catalog. 


FREE 
Stereo & Video 
Catalog 


Refer to the Crutchfield catalog 

before buying your next car stereo, 

home stereo, or video product: 

® 108 pages of helpful articles, consumer 
tips, charts, and installation guides. 

® Color photos, complete descriptions and 
technical specifications on hundreds of 
the finest brand name products. 


You get more value sho 
Crutchfield: pping 


® Toll-free product advice, ordering, and 
customer service. 

9 24 hour shipping. 

® Absolute satisfaction guaranteed. 

® Full 30-day return privileges. 

® Discount prices on Sony, Pioneer, JVC, 
Teac, Proton, Advent, Jensen, Clarion, 
Concord, Sherwood, Canon, Infinity, 


and many more! 


EEE EE t n n n 


- Call or send this coupon i 
now for your FREE Catalog 


| 800-336-5566! 


In Virginia call 800-552-3961 
In Alaska call 800-446-1640 


— BHom£  w.— 
: 


Address Apt. # 
| City — State Zip 
Year Make Model 
il Your car: —O 
P El nl ou a 
' CRUICHFIELD | 


1 Crutchfield Park, Dept. PS, Charlottesville, VA 22906 ; 
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Taking Care of Your Car 


By STEVE MERCALDO 


SMOOTH, ee 
— SWIRL PATTERN 


Finishing touch for your x hes 


Do you hear a clicking or tapping 
noise coming from the front disc brakes 


| when you brake to a stop? Have your 


brake rotors been recently resurfaced? 
If so, the problem may be that a final 
brake-refinishing procedure was omit- 
ted. When a service technician resur- 
faces a rotor on a brake lathe, the 


" BALL JOINT 


LOWER CONTROL ARM 


Ball-joint check 


To check for lower ball-joint wear on | 


a front-drive vehicle with MacPherson 
struts, do the following. Jack and sup- 
port the vehicle by its frame, with 
weight off the wheels. Position a pry 
bar between the lower control arm and 
knuckle. Push down on the bar, then 
release the tension. If theres move- 
ment, check the service limit. 


cutting-tool bits leave a spiral finish 
on the rotor similar to that of a pho- 
nograph record. If this directional, 
grooved finish isn't polished off with 
a special rotary grinder, the brake 
pads will follow the track when the 
brakes are applied and will strike 
loudly against the caliper assembly. 


| VACUUM ADVANCE 


MAGNETIC PICKUP 


IGNITION coi, — ^SSEMBLY 


Sparkless ignition 

If a General Motors High Energy Ig- 
nition refuses to spark the plugs, the 
first items to check are the white and 
green wires of the magnetic pickup as- 
sembly. Are they intact, and are their 
electrical connections clean and tight? 
The pickup coil is in the distributor 
housing under the ignition coil, dis- 
tributor cap, and rotor. 


Got a useful car tip? Send it (with Social Security No.) to Car 
Care, PoPuLAR Science, 380 Madison Ave., New York, N.Y. 
10017. We'll pay $50 if we use it. No tips can be returned. 


\ 


Lead lookout 


If you suspect your car has been mis- 
takenly fueled with leaded gasoline, 
there's a preliminary visual check. 
After a cruise, examine the opening 
inside the tailpipe. If the residue in- 
side is gray, it's a strong indication 
your engine is burning leaded fuel. 
Unleaded leaves a tan coating. 


| Tape tip 


Plastic electrician's tape is great for | 


patching worn auto electrical systems. 
But tearing a piece the proper length 
from a loose roll of tape can be a has- 
sle. To eliminate sticky situations, try 
cutting four equally spaced 's-inch- 
deep grooves in the roll's face with a 
single-edge razor blade. Pieces will 


| tear off evenly and easily. 


POPULAP SCIENCE * READER SERVICE 


Check below fo report a change of address. 
Or fo get more mail. Or less mail 


SPECIAL BUY ON 
VIDEO REWINDERS 


Zip Code 


Please attoch your address label (or copy your name 
and address exoctly as they appear on your label) in 
the space above 


State 


MOVING NOTICE. Put your old address obove. your 
| new one below. (Please give us six weeks’ notice.) 


UNLISTING SERVICE. Check here if you don't want to 
receive mail from advertisers who use the POPULAR 
SCIENCE * list. (Be sure to attach your label above.) | 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


A SOLIDEX® VCR AID! 


Free-Up Viewing Time that used to be 
spent rewinding tapes. And, take the work 
“load” off your VCR's motor with this factory 
new VHS Video Cassette Rewinder by 
Solidex®. Our special arrangement with 
§ the manufacturer makes it a great buy ata 
§ remarkably LOW liquidation price! 
3 Big Benefits! This "must" device 
§ quickly rewinds video cassette tapes. 
Extends the life of your VCR's motor. And, 
E helps you avoid costly VCR repairs. Buy 
NOW! And put this unit to work for you! 
e Reduces Costly Wear on VCR Motor. 
® Cuts Delays. Lets You Spend More Time 
| Viewing Tapes, and Less Time Waiting 
on Rewinds. 
€ Fast, Efficient Operation. Auto Shut-Off. 
Auto Soft Eject. 
e Compact, Space-Saving Size: 2V2"H x 
5"W x 11%"D. LED “On” Light. 


1-Year Limited Factory 
Warranty Parts/Labor. 


——ÁÀÁÓ 131 
Liquidation 


we SLO 


item H-2666-7152-291 
Ship, handling: $4.00 ea. 


LISTING SERVICE. Check here if you're nof a sub- | 
scriber but want to receive mail from advertisers who 
use the POPULAR SCIENCE © list, (Be sure to fill in your 
name and address below) 


State 


| POPULAR SCIENCE", PO. Box 54965 
Boulder, Colo. 80302-4965 


Mfr. List . 


Start enjoying high 
fuel dollar savings 


year after year. — umi e rus uem Sue SEES CHE UNES Ss ams nes 
ULTIMA'S two Credit card customers can order by 
exchangers and a i phone, 24 hours a day, 7 days a week. ü 
condenser squeeze Toll-Free: 1-800-328-0609 
95% of the heat from I aies outside the 48 contiguous states are subject to 
oil. Compare with only special conditions. Please call or write to inquire. I 
50%-60% efficiencyof | I(B Æa f | tonorum mmm mmm mm 
ordinary warm air oil - SEND TO: item H-2666 Ï 
furnaces. C.O.M.B. Direct Marketing Corp. ll 
1405 Xenium Lane N/ Minneapolis, MN 55441-4494 


E Uses 2° PVC pipe 


Send. VHS Video Rewinder(s) Item H-2666-7152- 201 at ff 
vent, no costly 


@ Zero clearance 


ga $19 each, plus $4 each for ship, handling. (Minnesota 
metal chimney. installation. t residents add 6% sales tax. Sorry, no C.O.D. orders.) | 


reliability. warranty. 


FC processing orders paid ae check. f 


Made by ] PLease 

There's an ULTIMA dealer Ñ EISE g == OK) 0 = - ' 

near you. Send coupon YUKON A RES 
impo qes hái uerms, PLEASE PRINT CLEARLY —1 
Yukon Energy Corporation, Dept. PS3 | if Name . 
378 W. County Rd. D, St. Paul, MN 55112 | fj Address Apt DEMNM H 
Please send me information on Ultima. City 
Name = t Oc P—————. — X E 
Address Ir Phone - 
City — -— | | Si _ 
State x Zip ee E iE i E 1 £ f | 
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Wordless Workshop 


By ROY DOTY 
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$50 to Richard K. Witmer of Bellefonte, Pa., for this idea. Send yours 
(with Social Security No.) to Wordless, Popular Science, 380 Madison 
Ave., New York, N.Y. 10017. Only purchased ideas are acknowledged. 
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A selection of products and services for Popular Science readers available direct by mail. Enjoy the fun and convenience of mail 
ordering shopping. Please order directly from the advertiser. For advertising rates for this section, write Advertising Sales, Popular 
Science, 380 Madison Avenue, New York, N.Y. 10017 


PUBLIC NOTICE 


Fuzzbuster in anticipa- 
tion of spectacular spring 
sales overproduced this | 
state-of-the-art radar dē- | 
tector. We bought them | 
all and can now offer 
them to you at FAR 
BELOW DEALER COST! 


LIQUIDATION 


FUZZBUSTER. RADAR DETECTOR 


This top-of-the-line Fuzzbuster 4000 Radar Detector 
has the most advanced features of any detector sold. 


COMPARE AT 
vr 00 


FEATURES: 
+ Superheterodyne technology — 360° sensitivity 
* Detects both X and K Bands 


°7 LED warning panel indicates relative distance DAMARK DAMARK PRICE | 


from the radar source 

* City/highway switch adjusts sensitivity to 
driving conditions 

* Compact & lightweight; 12" Hx3'4" W x 4e" D, 


Weight: 12 oz. 


FULL FACTORY WARRANTY! i ias losi 
FACTORY NEW! FACTORY PERFECT! While Supplies Last! 


SEIKO COMPUTER 


LIQUIDATION | 


Order No. B-233-100701 
Insured Ship./Hand.: $6.00 


: yz. 24 PIN HIGH-SPEED 
ee f. LETTER QUALITY PRINTER 


This Seiko Computer ala 
ui " : Tn 


bsc: NOTICE 


FAR " BELOW DEALER 
| | COST! 


at FAR BE 
This SEIKO watch plugs | LOW DEALER cost! 


right into this compact 
desk-top personal 
computer. Now, you can 
enter data into your 
SEIKO watch, and have 
that information with 
you...on your wrist 
everywhere you go! 


The STAR Letter Quality 
Printer offers the best of 

both printing worlds on one | 
quality machine — high | 
speed printing for rough 
drafts & letter quality print 
for final copies! 


Manufacturer's 
Suggested Retail 


Manufacturer's 
Suggested Retail 


$285.00 


FEATURES: 

* 60 cps Letter Quality (144 cps Draft Quality) + Print $749. 00 
Head-24 wire * Bi-directional Printing for even greater 
speed *Ultra High Resolution Black & White 


Graphics * Friction/Tractor Feed — Standard 
«Standard Parallel Interface (IBM & all compatibles) 
* Proportional Spacing & Int'l. Symbol Character Sets 
* 7 Different Character Fonts + Condensed Mode 


i * Max. Paper Width: 8v2 in. * Meas.: 16.5 x 14.5 x 5.8" 
Mey Datertine, Stop.watuh. and: Alarm. Order No. B-233-100149 * Wt: 242 Ibs. «Mfr's. Warranty (1 Yr. Parts & Labor) Order No. B-233-100660 


| | Insured Ship./Hand.: $6.00 Insured ShipJHand.: $14. 
FACTORY NEW! FACTORY PERFECT! perena g FACTORY NEW! FACTORY PERFECT! z p Y) 


440 0 RR RRR RRR Eee eRe Se eh. 


PRODUCT ITEM NO. . QTY. PRICE S/H/i_  TOTALPRICE TOTAL SIH/I E 


Watch is Monitor and Remote For Main Unit. For 
Business...Enter appointment schedules, travel iti- 
nerary, phone numbers, expenses. For School... 
keep complex formulas, equations, dates and S 


| DAMARK PRICE | | DAMARK PRICE | 


| DAMARKPRICE | | DAMARKPRICE | 


notes on your wrist for instant access! 


Computer — Typewriter keyboard, built-in dot 
matrix printer and Microsoft Basic. Watch — 


| FOR FASTEST SERVICE 5209-10701 
B === CALL TOLL-FREE StarPrnter [8269100660 | | 08 $1450 E 
= pza 1-800-533-3379 ea | cp Cc | | so seo e 
| i O Mastercard O VISA O Ghóch Money Order TOTALS | 
is NAME Products & B 
Ei M CNN Áo aa SIHI 
CITY = Saree. SIGNATURE — Á  É— Á—— ÁÁ— — Á— Á Á—Á TOTAL MAT 
Bm ZIP-— — ——— PHONE--— ————— — —— — DELIVERY TO 48 U.S. STATES ONLY CORPORATE OFFICE (612) 560-5415 m 


"WB sendto: DAMARK INTERNATIONAL, INC., 7714 Brooklyn Boulevard, Minneapolis, MN 55443 P^ 
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di Do It Yourself 


1500 sq.ft. home plans & fully engineered 
connecting hardware—$1650. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient. 
New 40-page color catalog & more —$8. 


(E TIMBERLINE GEODESICS 


2015 Blake St., Berkeley, CA 94704 (415) 849-4481 


FAST 


at Home! 


If you enjoy fixing things, you're a “natural” 
to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 


COLLECT CASH PROFITS ALMOST AT ONCE! 


“War injuries left me 
badly handicapped, but 
wma 
s a Locksmith, thanks A 
our training. Besides, the 
work is fascinating. If 
do it anybody can. 


Glen Johnson, 


doc d PRESENTING ttk 


CABLE TV 
EQUIPMENT 


eee ee STARRING C e x x x 
JERROLD, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 


= FINEST WARRANTY PROGRAM AVAILABLE 
* LOWEST RETAIL, WHOLESALE PRICES IN L.S 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


PACIFIC CABLE CO. INC. 
73255; RESEDA BLVD. DEPT 14 10 
SEDA, CA 91335 


financial success 


{f | can 


Larned, Kan. 


Make Up to $26.00 an Hour — even while learning! 


Be a LOCKSMITH 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 


MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time —or in your own full-time 
business. Ideal for retirement—good jobs, too. 


FOLEY-BELSAW INSTITUTE 
6301 Equitable Rd., Dept. 11215 
Kansas City, Mo. 64120 


You're "in business" ready to make $10 to $26.00 
an hour a few days after you begin Foley- 
Belsaw's shortcut training. Easy illustrated les- 


sons complete with ALL practice Sauer — N. Hunt, Wilmington, Del.—"| make $50 a 
PLUS week extra." 
€ ALL TOOLS YOURS TO KEEP _ C) r tim UN 
@ KEY MACHINE YOURS TO KEEP A, Ed Boyle, Pittsburgh, Pa,—'My business going 


© EXPERT PERSONAL ASSISTANCE 
€ BUSINESS-BUILDING HELP 


at top speed. I'm moving to bigger quarters," 


T THIS COUPON « NO SALESMAN WILL CALL 
FOLEY-BELSAW INSTITUTE 


THIS DO-ALL PRO AIT 
KEY MACHINE YOURS M vesc mocinno mmy 


g Rush FREE book, “Keys to your Future.” 
TO KEE! KEEP! ™ vane 


“Can add $5 add $50 
to $100 a week Address 


to your in- i 
come... and B City 


TRUMARK ° 

725 YD. RANGE! à; 
THE ORIGINAL : START YOUR OWN DESKTOP - 
New Handle Holds Ammo W PUBLISHING BUSINESS! - 
— - PRINTING PERSONALIZED CHILDREN'S BOOKS 1 
AT DEALERS OR ORDER DIRECT ...ncer career esae hmmm eme POSTAGE PAID = | » 
^ FS-1 FOLDING SLINGSHOT WITH WRIST-BRACE [ * Dealerships Available - $2,495 p Ò UT ME! " 
$15.00 RR-1 REPLACEMENT BANDS & LEATHER POUCH * Simple to Learn & Operate 2502 Suncrest Dr/" s 


5 §A50 70 ROUNDS 1/2" TRACER BRAND AMMO 
NOC.O.D. [FOREICM ORDERS ADD $3.00 FOR AIRMAIL] 
TRUMARK SLINGSHOTS : P.O. BOX 1517 R, BOULDER, CO. 80306 USA 


TOTAL TEM 


Garland, TX 75042 
214) 530-0830 


* Home Based Business 


SOLAR POOL HEATER riri - 
Do-it-yourself 4 x 10 ft solar swimming pool R ii 
heater. Get a pair of special manifolds from RMB for | 
$65.00 and plans that will show you how to complete V NON-FIRING MODEL GUNS... 
the solar heater. EASY! No soldering! By getting your l Safe! Full size. Zinc alloy, Realistic. 

own copper pipe and some small hardware you can | Over 30 parts. Cannot c or fire 


have a 4 x 10 ft panel for less than $175.00. Send | I COLLECTOR'S ARMOURY c 
your order to: RMB Products, Inc., 4226 Valley Fair, EE TH — M Ones: |*79Pro C 
Simi Valley, CA 93063. Prepaid to continental US. Ne ean 59 pant PR SS Pee 26 Fs : 


CA residents add sales tax. 
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for making Ornamental 
Concrete Items 


Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from world's largest 
mold manufacturer. 


P.O. Box 5-99 Hickory, NC 20603 


FACTORY DIRECT 
GRANDFATHER CLOCKS 


Do- It- Yourself Case Kits 


(movement and dial extra) 


OR 
Completely Assembled | 
and Finished 


€ Solid 3/4" hardwoods: 
black walnut, cherry, oak 


® Heirloom quality 


chiming movements 
and dials 

è Easy to assemble kits or 
completely assembled 
and finished 

e Money back guarantee 


SEND $1 FOR 
32-PAGE FULL 
COLOR CATALOG 


7 EMPEROR 


CLOCK COMPANY 


‘WORLD’ S LARGEST MANUFACTURER 
OF GRANDFATHER CLOCKS 


Dept 2427 Emperor Industrial Park 
Fairhope, Alabama 36532 € Phone 1-205-928-2316 


| am interested in O Do-It-Yourself Kits 
LJ Finished Clocks 
Name 
Stree 
City 
State 


(please print) 


CHECK IT OUT! 


There are more opportunities, 
products and services offered in 
the "Classified Opportunity Mart," 
immediately following this section. 
You may find just what you ve 
been looking for. 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


| 


FO RD 


62 TU RBOCHARGE R 


DIESEL 


IN YOUR 
EERE Di) VANS & MOTOR HOMES 


| DEALER INQUIRIES WELCOME 

| USE OUR COMPONENT PARTS & 
INSTALLATION INFORMATION TO 
TURBOCHARGE YOUR DIESEL. BASIC 
COMPONENT PACKAGES FROM 


$950.00 


(Some Connecting Parts Must Be Fabricated.) 
CATALOG AVAILABLE, SEND §3.00 TO: 


TURBO CITY INC. 


1201 W. Katella 
P.O. Box 6010 * Orange, CA 92667 


(714) 639-4933 


Not legal for sale or use on any pollution-controlled 
motor vehicle in California. 


GASOLINE | 
ENGINES 


Generators 
b Bilt Tillers 
more. 


EXAMPLES 


5HP Briggs Horizontal....................... 
BHF Tecumseh Horizontal ................ 


314HP Tecumseh Vertical ................... $99. 95 
10HP Tecumseh Vertical Elect. ........ $239.95 
500 Watt Toro Generator .................. $239.95 


2 to 18 HP Engines, 500 to 5000 watt 
Generators, all at Discount Prices 
SMALL ENGINE e 

2612 Lyndale So. Dept. P. 
Minneapolis, MN 55406, 615872- 4288 
1-800-645-44 


The Club 
that beats the 
streets 
needs a hand. 


yours. 


Y 


BOYS CLUB 


The Club that beats 
the streets. 


$28.00 Woodworker's 
Package For Only 


‘$9. 957 


As an introductory promotion, a leading mail order company is offering $28.00 of their 
most popular woodworking items at an amazing price of $9.95. The complete package in- 
cludes 25 full size shaker pegs, 25 mini-shaker pegs, 25 mug rack pegs, and 25 tie rack 
pegs—plus a detailed full size unique horse design shaker peg plan, a full size plan for a | 
beautiful tie rack, and a full size plan for a useful mug rack. | 

This alone would be a tremendous m m =m =m =m =m ee am am am am am 
value. But you'll also receive full size pat- 
terns for 10 great items—a hanger for pot l $28.00 worth of 
holders, note pad holder, napkin holder, | woodworking items 
muffin server, doughnut holder, pietre for only $9.95! FREE CATALOG! 
holder, cleanser holder, knife rack, towel | Name 
bar, and spice shelf. Plus: full size plans 
for four nifty cars with their own pin | Address 
You'll also receive a woodworking cata 


| loaded with page after page of discount City State Zip__ 
power tools, hand tools, wood parts, wood , Quantity Price Ea. TOTAL 
fasteners, sanding supplies, ‘wood | Mail to: 


Trend-Lines, Inc. 
375 Beacham St., 


finishes and much, much more. You may 


order up to four of these $28.00 wood- 4 TOTAL: Add $2.95 


worker's packages for $9.95 each. In- q Shipping/Handling 
clude only $2.95 shipping and handling Peg deep MEO MGE OIN en i 
for each package. NOT MAIL CASH. USE 02150 : E2087 


CHECK OR MONEY ORDER 


NOW! Get in on the PROFITS in 
SMALL ENGINE REPAIR — 


Work part time, full time — 
right at home — we help 
you every step of the way. 
No doubt about it. . í 
pro, you can cash in on the huge de ff tre 
mand for qualified men in one of Amer- ort m 
ica's fastest growing industries. You'll . 2 
be able to command top hourly rates of trom ~ i baal 
$25.00 to $30.00 per hour — and that's just E 
for labor. 
Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., and 
one-million new engines are being built each month. With 
Foley-Belsaw training, you can soon have the skill and 
knowledge to make top money servicing these engines. 


INTRODUCING 
The 1987 RuscuL dQ 


OUR HIGHEST QUALITY 
AFFORDABLE 
ELECTRIC 3-WHEELER 
Take this compact, portable 3-wheeler 
anywhere. Easy One-Hand Operation. 
Built-In Battery Charger. Rear Suspen- 
sion System. MEDICARE and pri- 

vate insurance reimbursable. 30 DAY f| f>. SoTa ed 
FREE trial. Call or send coupon below B fessional Tools and Fulpnen PLUS 4p Ergi 
for a FREE 20 page color catalog. NO EXPERIENCE NECESSARY! 


You don't need to be a ‘born mechanic’ or have any prior 
1-800-662-4548 


experience. Lessons are fully illustrated... so clear you 
a = a oo eS CMM cant go wrong, and with our famous ‘learn-by-doing’ 
method you get practical ‘hands-on’ experience. 


Electric Mobility Corp., Dept.1600 || —-————————— ——— ———-— 
| CN ^ 3 Foley-Belsaw Institule, 6301 Equitable Rd. q 
| #1 Mobility Plaza, Sewell, NJ 08080 | | | Dept.51224 , K.C., MO 64120 1 FERE 
| BD. uoce | | grece [own business n Smal Eng hepar | mn 
| Address . |. ld m a l l ips Theres Ao Ubagabon amd that No Salesman wi today! | 
| City — Zip . | NAME | 
«o 3 ——-— —— A ONE enar] 
| 
[89808 — — ee = 
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Be Your Own Boss and Make | rhe Easiest 


CLOSED 


$30.00 
AN HOUR! 
Your FREE Lifetime Security Fact Kit tells you howto ... sand NOW ft your FREE 


make $18.00 to $30.00 an hour in your own Foley- 
Belsaw Full-Service Saw and Tool Sharpening Busi- Lifetime Security Fact Kit! 
ness. Your FREE Fact Kit explains how you can: ——— 


eg \ A 4078763 
"|| Engine Oil Drain Valve 
New Way To Make Quick, Clean Oli 


Changes. 
You escape the expense of service station 


| A oil changes and keep your hands clean 
— be your own BOSS! ! FREE irene with this new Engine Oil Drain Valve. No 
— work full time or part time, right at home. FOLEY LIFETIME SECURITY more hot, dirty oil on your hands and clothes. 


Just a touch of your finger is all you need 
to drain your car's oil. No tool required. 
Enjoy the easiest oil changes possible for 
only $14.95. Money back guarantee. 


send check or money order to: 


TOHMON, INC., 1815 W. 205th St. 4105 
Torrance, CA 90501, Phone (213) 212-6937 


— do work you enjoy and take pride in. | SECURITY 
— operate a CASH business where 906 of every BELSAW FACT KIT 


dollar you take in is clear CASH profit. gem m — AÁÀ A mÀ 
ae i Foley-Belsaw Co. 
And it is so easy to learn. Foley-Belsaw gives 4 6301 Equitable Rü., Dept 20505 


you all the facts and instructions. No experience or E Kansas City, Mo 
special training is necessary. Foley-Belsaw tells you i | 
everything you need to know to be successful. |_| YES, | want to know more! 

TNNT nll d Please rush my FREE Lifetime Security Fact 


“To. "TOHMON, ING., "1815 W. 205th St. #105 


et started. So write NOW for your FREE Lifetime 
ecurity Fact Kit. It's yours to keep with NO hes Code! TT 


Al 
a 
: Mi^ 
And there's plenty of business available in your area. — g it Torrance, CA 90501, Phone (213) 212-6937 i 
liu p di ne to SAID all Mea sd eiim garden : EN T mind ali d pw ete Pr $14.95 ' 
ana snop tools Tor nome, Tarm ana industry. each plus $1.00 each for shipping andling. California ' 
You will be able to set your own hours and not have > ș Name oco EREE A 
to worry about layoffs and strikes. And there are no u My carisa — (year) (make) (model) , 
franchise fees. Any age person can succeed. : Address with a_~ (engine size) engine. : 
i : i E i 
But you've got to get the FACTS before you can - g m u À 
i 
1 
D 


31 Ways to c You Qualify for the Job You Want 


(Send for Free Facts on How ICS Can Help Improve Your Life) 

GET YOUR SPECIALIZED ASSOCIATE DEGREE IN BUSINESS OR TECHNOLOGY OR A CAREER DIPLOMA AT HOME IN SPARE TIME 
Get Your Degree Without Aen College 
Now without attending a single class, you can get your 
Degree. Eight different fields of specialization avail- 
able. And if you irr have some college or work 
experience in the field, you may be entitled to 


If you want more money, 
more security and a better 
way of life, the decision to. . 
train for a better career 
could be the most important 
one you will ever make. And 
now you can train at home in 
your spare time for a diploma 
or even a degree to help you 
get a better job. This is the 
same kind of training program 
pe s been "p by nearly ZZL ==] 
; merican Corporations International Correspondence Schools, Dept. PCS87 
to train their employees...Gen- Could a Career Diploma i IES | Scranton, Pennsylvania 18515 P cs] 
eral Electric, IBM, Mobil, Ford, Thousands of Dollars to You? | Please send me free facts, color brochure and full information on how I can | 


advanced standing toward your Degree. 


CALL TOLL-FREE 
1-800-228-5300 psa 


| | CALL ANYTIME—Operators to take your call 24 hours a day, 
7 days a week. No cost. No obligation. No salesman will visit you. 


OR MAIL COUPON TODAY! 


DuPont and many others. Compare your present salary with | study at home for the career | have chosen. | understand | am under no obli- i 
gation and no salesman will visit me. CHECK ONE BOX ONLY. 
An Ideal Way to Learn the amount of money you could be a & ac RIGS i 
No need to change your daily rou- making in any one of the careers BUSINESS ecce TECHNOLOGY DEGREE PROGRAMS j 
tine or take time from your job or shown here. Training in a trade or | C Business Management C Business Management C Civil Engineering Tech. C Electrical Engineering 
family. Learning is easy because earning an Associate in Special- | O Business Management — with option in Marketing C] Mechanical Engineering — Technology zo 
everything is explained step-by- ized Business or Specialized Tech- , — "^optioninFimame O ania a MN coi NM Li Electronice Technology 
step with plenty of drawings, dia- nology Degree could make a giant * c High school C Travel Agent Fl Electrician - Er pande Prod 
grams and photos. And like many difference in your lifetime earnings. | C Auto Mechanics C Wildlife/Forestry C Small Business C Gun Repair — — l 
colleges—all these courses use But it's not the money alone...think | C coe 5 POTENT " Mamme . a ive ined | 
open-book” exams that let you of the fun of working in a job you E C Surveying & Mapping [3 Police Sciences E Mipocempdlár E TVACR Repair i 
refer to your texts and apply what like. Get more information at no F O Drafting C Veterinary Repair [1 Bookkeeping 
ou have learned. And all courses cost! Check the career you're most | C Air Conditioning & psa fe E m | 
include the necessary tools, instru- interested in and mail the coupon menm Li ee OCRAS ain i 
ments and materials...whatever today. There's no obligation and no 
your nerd tall Mec iin aA Reese Ww visit puces ME. uA 
NE=] 
: i 
Call Tol Free. or Mail il Coupon Today 5 Phone NO. ( ) j 
E : a ee E EE ee 8 ON LN oo ol 


RA Subsidiary of N. National Education Corporation 
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Geodesic Home 


Kits. 


Beautiful, Efficient, 
Affordable. 


Monterey Domes sells home kits for less than 
many new home down payments. Completely 
affordable...remarkably beautiful...cur homes are 
designed for a lifetime of savings. 

The most eneray efficient homes on earth...up 
to 50%. more than everyday homes. In addition, 
construction costs are cut dramatically using our 
patented building system...(our 1813 sq. ft. 
house package is just $15,660!) 

Discover Monterey Domes livinq with our 98 
page Color Catalog and Plans Book. ORDER 
TODAY for just $7.00. Unconditionally 
Guaranteed or your Money Back! 


[] Please rush my 98 page copy of Monterey Domes 
Catalog and Plans Book. Enclosed is $7.00. 


Planer Molder Saw 
Power TOOLS 


Fasit 4 


Now you can use this ONE power-feed shop to turn 
rough lumber into moldings, trim, flooring, furniture 
—ALL popular patterns. RIP-PLANE-MOLD . . . sepa- 
m. or all at once with a single motor. Low Cost 

. You can own this power tool for only $50 down. 


SEND FOR 
30- 30-Day FREE Trial! excitine Facts 
NO OBLIGATION-NO SALESMAN WILL CALL 


RUSH COUPON 6301 Equitable Rd.. Dept.91123 
I ansas LI p. 
UU dies, aree NN 


Drill a vrata | 
well in your | 
own backyard. | 


Say goodbye to | 
water shortages, | 
Soaring water | 
bills, and drought | 
panics! | 

Call or write for | 
the facts today. | 


[Plenty of 

water for 
Ipig lawns 
jand gardens! |f 


CALL TOLL-FREE 


4-800- 633-8774 


AL, AK, & outside U.S.A.: Call (205) 749-3377 
(Ask for Operator 5296) 


5296 Anderson Road 


Opelika, AL 36802 


| 
| 
| 
| 
| 
Or pena coupon and mail TODAY! | 
| 
| 
| 
I 
| 
| 


O Also please send me the Monterey Domes Basic I Foley-Belsaw Co. 1 : 
| 22 Assembly Manual for an additional $5.00. | - 6301 Equitable Rd.. Dept.91123 - = m ae ic ihn in 
: ansas Ci p. 
| Order Wy Cnm Cani OMCmEASIDN | I i T I T bu I O l'm also interested in well drilling as a business 
(In Calif. 800-847-4663) IO YES Please send me complete facts about j opportunity. Send info on your larger drills, too. 
| Name | | PLANER- MOLDER -SAW and I 
I details about 30-day trial offer. q ] 
» Address | à I | Print Name 
i City/State/Zip - — | | Name XP 40 i 
_. Sendto: MONTEREY DOMES - a | Address 
i um Dept. AR-8 i " Address 4 
— 1760 Chicago Ave. 
i FTN XY Riverside, Calif. 92517 | ici — —— : | Ity/State/Zip | 
L PEE NOREA: J l State i wsawwwad | Phone 7 Tey 
eee eee TM TIITIIIIIIIII:; [ ES ITE E I FP EN I ) -—— 8 -——— AQ = a— s —S —— s — m — — 


| Classified Opportunity Mart 


FOR INVENTORS 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulac, Richmond, VA 
23229. 


PROTECT 
Your 
ideas 


S Step information. Send 
- ch B one order for $8.95 


D&B ENTERPRISES 
P.O. Box 1121. 
Longmont, CO 80501 | 


NONPROFIT foundation helping inven- 
tors over 11 years. Free recording forms. 
Free evaluation. Affiliated Inventors 
Foundation, 501-A Iowa, Colorado 
Springs, CO 80909 or Call 1-800-525-5885. 


REGISTERED PATENT ATTORNEY will | 


evaluate invention, prepare and prosecute 
pe application. fearondtils rates. 

dwin Schindler, 1523 East 4 Street, 
Brooklyn, New York 11230. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your free 
information package. Over a decade of 
service, AMERICAN INVENTORS COR- 
PORATION, 82 Broad Street, Dept. PS, 
Westfield, Massachusetts, 01086. 1-800- 
338-5656. In Massachusetts or Canada call 
(413) 568-3753. 


PATENT AND DEVELOP Your Inven- 
tion. Registered Patent Agent and 
Licensed Professional Engineer. Se for 
FHEE PATENT INFORMATION very 
Inventor Should Have. Richard L. Miller, 


12 Parkside Drive, Suite-N, Dix Hills, NY | 


11746. (516) 499-4343. 


. INVENTORS: Free information on offer- 
ing your invention for sale. Kessler Sales 
Corporation. C-7-FI, Fremont, OH 43429. 


FINANCIAL — available! 
PATENTVESTMENTS INTERNATIONAL, 
Washington Square, Washington, DC 
20036. 


SELL YOUR OWN IDEAS. We tell you 
how, Send $5.00 to: SEI, FO. Box 20, Impe- 
rial, PA 15126. 


PATENT & LICENSING ATTOHNEY— 
Protection and commercialization of 
inventions. JOHN HALAK ASSOCIATES, 
Suite 7967, One World Trade Center, New 
York, New York 10048 (212) 524- 7717; and 
3 Becker Farm Road, Box 26, Roseland, 
New Jersey 07068 (201) 992- 9777. 


ELECTRICAL SUPPLIES & 


EQUIPMENT 


THREE PHASE ELECTRIC from single 
phase without covertor. Send $5.00 and 
receive detailed information on how I did 
it. 3 Phase, 4985 Marion-Mt. Gilead Rd., 
Caledonia, OH 43314. 


LASERS 5mw Heliumneon Good For 


Visual Effects Use. $175.00 (714) 956- 
8497. 


PRECISION DISTANT SOUND DETECTOR 
Complels System (Plclured) agi 
æ Hear a whisper W mile away we 
* Hear a deer 1 mile away 
* Hear a car 2 miles away 
Portable size for light places. Eñ- 
joy the highly directional sensitiv- 
ity combined wilh the Superi or 
Parabolic mirror. Qur most sophis- 
ticaled device developed 
WILSON- er [oi s ug 
PD. Box 444 De 


ORDER 2 24 tio 
1-800-453-4100 


$145 POSTPAID 
VISA / MASTERCARD /C.0 D. 


LASERS: Free Catalog. Meredith 
Instruments, Box 1724, Glendale, AZ 
85301. 


WORLD'S BRIGHTEST FLASHLIGHT. 


PALM SIZE. RECHARGEABLE. $39.95. 
Mac, 7777 Alvarado Road #204, La Mesa, 
CA 9204 1. 


TOYS & GAMES 


ORNITHOPTER 
Mechanical Flying Bird Guaranteed $8.95 
plus $1.00 P&H. Birds, Box 48680, Phoe- 
nix, AZ 85075. 


SPORTING GOODS 


SLING Pistol Great For Hunting $10.99. 


Ammo Included. Attrell, Box 50005, Dal- 
las, TX 75250. 


THY SOMETHING OLD: Ice age wea- 


pons: Spear, Throwers, Target Spears. Tate 
Enterprises, Box 110755, Aurora, CO 
80011. 


Ee EN. 
ef — 
| FI 3 
me. 
fo | | ony $24.95 232 
MC/VISA Orders: 1-800-351-2274 
> JOHNNY MAC'S FACTORY OUTLET 
P.0. BOX 370808-PS — EL PASO, TEXAS 79937 


PATENT ATTORNEY 


PATENT Attorneys to help you. (313) 
858-7977, or in Michigan 1-800-722-8468. 


RETIREMENT 


ALABAMAS perfect retirement spot: 
Dothan area. Great lifestyle. Low home 
taxes. 90 minutes to Gulf. Brochures free. 
Chamber, Box 638-P Dothan, Alabama 
36302. 


"MISCELLANEOUS 
100 BRASS Bell Wind Chimes $4.95 
“Special.” Wilam Distributor, Box 108, 
Beckwourth, CA 96129. 


GATE OPERATORS. All Types. Factory 
Direct. Catalog. SEPAC, 625 NW 41, Seat- 
tle, WA 98107. 


TELEPHONE & ACCESSORIES 


TELEPHONES Sales—Service ( Ameri- 
can Made) Write: Telephones, Box 6M, 
Simpson, PÀ 18407. 


DON'T FORGET 
TO SAY YOU SAW IT 
IN POPULAR SCIENCE 


Regular Range 1-or2-piece For Camouflage or Black NINJA — — 


Models in Feel “take-downe’ models add $2.00 each pn. 


2 H.miag $86.95 3J-plece "4-in-1" Gun 


mo jJ , 
“Sift. 110° 9.95 6 ft, 350'$17.95 ps EOF 


' 10.95 Bf. 450° 22.95 
i TUN Ls 550° re sd 


linking" 
gives rit ower! T Pis TC po woad! NOT T A1 
Ideal ipaa) laris. memi.: [In 
larts LL 98. 20/5 16.88, S050, BH, Broadhead tush 
darts! TTE 1 
AT same-- 1100 + free 7th zun! Nin 


VISA, M.C., m (C. 0. D. $3.50 C.0.D. FEE Nee A HRS 
lowgun World, Inc. Box 25183-P Salt Lake City, UT 84125 


NEWSGFT. ' '4IN 1" TAKE- DOWN BLOWGUN sE 
w 1988 Survival-Hunting ' n E ed ce 
as 
ET 
"i 
38 
gt 
T Ems 600. farts SS. oo A hack ; I3 
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AUGUST 1987 | 


Classified Opportunity Mart ! 


* 


Reach 4.] million readers every month with an ad in Popular Science's Classified Opportunity Mart. October Issue Deadline (on sale 
September 15) is JULY 27. Rates: $8.40 per word. Min. ad 10 words. Darker type (bold) words $1.00 per word extra. Display Classified: 
$467 per inch. Payment with order, or charge your Visa, MC, Amer. Exp., or Diners Club account (give # & exp.) Advertisers using box 
number in ad must furnish name & street address for our records. Send order & remittance payable to POPULAR SCIENCE, Classified Dept. 
6C, 380 Madison Avenue, New York, NY 1001 7. 


Ernestine Grant, Class Adv. Dir. 


DISTRIBUTORS NEEDED 


COOL-—TOOLER, INC. 


Exceptional business opportunity becoming distributor 


for NEW Product! 12-volt Cooler and Tool Storage box f 


built in one, for pick-up trucks of all sizes. Up to 40 
pounds Cooling approximately 7 cubic feet Dry Stor- 
age. Uses vehicle power source, installs in minutes. 1 
year warranty. THOUSANDS possible weekly! Special 
trial affer. Limited number of distributors accepted. 


Send $5 for into, ee pricing & color brochures 
or call 615-484-4780. M C, Visa, A E accepted. {also 
portable & built-in 1 voli coolers) 
Cool—Tooler, Inc. Manufacturer 
2906 North Main Street 
Crossville, TN 38555 


DISTRIBUTORS NEEDED 


NEW HEAVY DUTY 
AUTOMOBILE FLOOR MATS 
Unlimited Market - Exclusive Territory 


| Send 55 for info, contidential pricing & color brochures 
or call 615-484-4780. M C, Visa, A E accepted. 


55 includes both packets upon request 
Cool-Tooler. Inc. 


2906 North Main Street 
Crossville. TN 38555 


AUTOMOBILES 


BUILD A BIKECAR V7 
The Amazing Mini Car You Can Z 


SEND TD 


BEY sPORTRAN CO. 
ia PO. Box 70775, 
Endicott. NY 13760 


Salislaction Guaranteed or Your Money Back - 


WAPOR Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
MO 63334. 


NEW DEVICE Reminds drivers behind 
you to dim their lights. Guaranteed, $12.95 
Postpaid. Action Auto, Box 608-J, LaPlace, 
LA 70069. 


IS It True You Can Buy Jeeps for $44 
through the U.S. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR (Generator Rebuilding 
Book. Price: Hedelund e tug, Box 
26024, Las Vegas, NV 8912 


ENGINE OVERHAUL KITS: WHOLE- 
SALE CATALOG $2.00. E.S.G., Dept. PS, 
Box 13053, Lansing, MI 48901 


10,000 AUTO PARTS below wholesale, 
in stock for immediate shipment! FREE 
information. Consumer Auto, 10420 Lack- 
land, St. Louis, MO 63114. 314-427-0890. 


ARKLEEN HAND SCRUB Removes: 
grease, tar, ink, paint, adhesives. Gentle to 
hands. 100 washings $6.45. Money back 
GUARANTEE, RE Sales EO. Box 1414, 
Boulder City, NV 89005. 


100 | POPULAR SCIENCE 


SPECTROPGRAPHIC ENGINE OIL 
ANALYSIS Kit $9.75. J. KNIGHT, 991 
Gatewood N.E., Palm Bay, FL 32905. 


ASTRONAUTICS 


AMAZING new discovery. Detect space 
spheres. Informative booklet $4.00. 
Research & Development, P.O. Box 465, 
Parkersburgn WV 26102. 


BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUST! 

* FIFTY CENTS EACH! 

* BUILD A DOZEN IN 
AN EVENING! 


‘Write for ur brechyrtand wali send you a 
WORKING SAMPLE of on electric that YOU CAM 
WAKE TOURSELF trom materials fowl! find around Be heure 


ne |. P58 nie TEL EFLITE CORPORATION, 
Kitching $.. Sunmymead, Calif. 92 


20 LEVITATION METHODS! AMAZING 
DATABASE CATALOG. 31: Rexco, Box 
1258, Berkeley, CA 94701. 


HIGH POWER MODEL ROCKET KITS 
AND MOTORS. "D" thru “J” power. Cata- 
log: $1.00. High Sierra Rocketry, 1800 Sev- 
ern Drive, Reno, NV 89503. 


AVIATION 


e" HELICOPTERS 


5 Madels 
Available 


You Can Build for Under *900 


Vertical Takeoff amd Landing — 
Hover Flight/No License Required 
INFORMATION PACK £5.00 
includea: specs, polos, prices 


[9] BW ROTOR CO. INC. Towanda 


Box 391-B. 
KS 67144 


BOOMERANGS... HI-TECH RETURNS! 
Polycarbonate Paxolin. Wood Constructed! 
World's Best! collectible 11th Annual Cata- 
log. FREE! BoomerangMan, 1806-2 N. 
38th, Monroe, LA 71021-4222. 


v? s ; The Homebuilt 


»" JET HELICOPTER 
LOW - COST DESIGN = SIMPLIFIED ASSEMBLY 
è Uses low-cost [wel 


a9 Mo license needed 


i -X&-p-g-n-d-e-d 
CONSTRUCTION MANUAL 
Fully ilas, Only $73.95" 


THE 


= Helicopter Experimenter's 


iL AUAM ERÉLCHO 


Only $19.35 


FOREIGN: add $d- 
V.S. Funds only. 


e photos © desigs a fara 
Only $10.95" 


Plans l'kíts/ accessory 
information: 11.00 
ar free with orders! 
P.O. Box 50-A 
Riderwood, MD 21139 


Credit card arder line: 
dia! 1-301-583-8268 


AMAZING  1791b flying machine 
CLIMBS to 10,000 feet NO LICENSE 
required NO WINGS or Helicopter blades 
FOLDS to fit in trunk of car SAFEST, Easi- 
est, Cheapest way to fly for complete info + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, PO. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open.) 


HOBBY HELICOPTER - “CHOPPY” 
ultralight single-seat helicopter. Sim li 
fied construction - motorcycle engine. 
chure: $3. POLYNOMA, Box Ren Saint. 
Remi, Quebec, Canada JOL ZLO. 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 
RARE TECHNICAL DATA. ASTOUNDING 
40-PAGE CATALOG, $2. REXSEARCH, 
BOX 1258, BERKELEY, CA 94704. 


SURPLUS SOLAR CELLS, PANELS, 
MAGNETS. Huge selection. Catalog $1. 
Applied Photovoltaics, Box 2773, Staun- 
ton, Virginia 24401. 


USSR uses s Tesla' s theories 
in modern warfare and 
weather control. 


| READ ABOUT IT IN: | 


"Soviet Scalar 
Electromagnetic 
Weapons" 


Send $1.00 for catalog 

TESLA BOOK CO. 

P.O. Box 1685 

Ventura, CA 93001 + 805/643-0432 


FREE HYDROGEN FUEL and Oxygen 
Generator uses Water and Solar Cells. 
Plans and Kit $12.00. Prairie Power, Box 
8291, Edmonton, Alberta, T6H OLO, 
Canada. 

FREE ENERGY GENERATOR. 310.00. 
Henka, 3926 N.E., llth, Portland, OR 
97212. 

SECRETS OF SUPPRESSED TECH- 
NOLOGY" Learn about— "SELF - 
REGENERATING ELECTRIC CARS!" 
“ENGINES THAT PRODUCE THEIR 
OWN FUEL” And More. Information 
$1.00. Sunrise, Box 11233PS8, Ocala, FL 
32673. 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER* 
6 wheel drive AI V 
Amphibious 42 

2 and 4 
passenger“ 


models 


"if the territory still is open. 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 


60 Depot Street, Buffalo, NY 14206 


BATTERIES & GENERATORS 


BatCheck Battery Tester, revolution- 
ary, guaranteed, tests 1.5 & 9 volt, reus- 
able, fits in pocket, $4.50/2. MJ Harris 
Enterprises, 140 Main, Ste. 5, Los Altos, 
CA 94022. 


HOVERCRAFT 


AERO-CAR Amazing Hovercraft built 
easily with ordinary tools. Lawnmower 
engine powered. Carries one man plus. 
Flies over land/snow/water. Complete 

lans and booklet. $10.95. Aero-Projects, 

ox 5118P5, Clinton, NJ 08809. 


HOVERCRAFT Plans, Parts. Catalog 
$1.00. Universal, Box 281. Cordova, IL 
61242. 


Dorothy Ellis, Sr. Class. Adv. 


KITES 


| FREE COLOR CATALOG! WANA 

Jes the best flying kite in the sky. Mf 
I choose from over 140 unusual kites, 
i from easy-fliers to exciting stunters. [ 

Into The Wind * (303) 449-5356 
i 2047-P Broadway, Boulder, CO 80302 i | 


l YES, SEND ME A FREE CATALOG! i 


l use 
pe 
m 


State LL S Aip 
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BOATS, INBOARD/OUTBOARD 
MOTORS 


BOAT Plans — Patterns — Kits — Hün- 
dreds of designs — Sailboats — Power; 
boats — Sportsfishers — Rowboats — 
Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 
Gigantic 160-page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog. GLEN-L. 9152 Rose- 
crans, Box 18045P, Bellflower, CA 90706. 


BOATS KITS—SAIL—16'-30" all trail- 
erable molded fiberglass hulls and decks 
come factory assembled— you install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
40 page catalog. LUGER, Dept. AC-87, POJ 
Box 1398, St. oseph, MO 64502. 
1(800) Boat Kit; MO: (816) 233-516. 


BOAT KITS - PLANS - PATTERNS - 250 
Designs - 8'/70'- Plywood - Fiberglass - 
Steel - POWERBOATS - Cruisers - House- 
boats - Hydroplanes - Runabouts - Duck- 
boats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Multihulls - SUPPLIES - Epoxies - Poly- 
esters - Cloth - Foam - CATALOG 33.00 
(Airmail $5.00) - (Book Amateur Boat- 
building $6.00) CLARKCRAFT 16-5 Aqua- 
lane, Tonawanda, NY 14150 


EVINHUDE—OTHEH BRANDS 1986 
BARGAINS...All Sizes...62.00 Handling. 
Scott McCulloch parts...Electra Marine, 
610 Merrick Road, Lynbrook, New York 
11563. 


DISCOUNT MARINE SUPPLIES, Free 
discount catalog. Wagner Marine, 3700 
Lapalco Blvd., Harvey, LA 70058. 


KAYAKS Fold-up and carry under your 
arm. Kids & adults love them. Free Info. 
Fold-up, Box 12, Iona, ID 83427. 


TRAILERS & CAMPERS 


BUILD Your Own- Travel Trailer— 
Fifth Wheeler—Motorhome— Camper 
Pickup Cover— Plans— Patterns— Kits—- 
Catalog $1 —GLEN-L R-V's, 9152PS Rose- 
crans, Box 1804, Bellflower, CA 90706. 


DO IT YOURSELF 


VOICE Disguisers! FM Bugs! SWI 
Active Antenna, Receivers! More! Seng 
stamped envelope: XANDI Electronic, Box 
25647, Tempe, 85282. 


HYDROGEN AUTO FUEL FRC 
WATER. Amazing Free Report. Merit, Box, 
5363, Louisville, KY 40205. 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 

SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
p- source. Americas largest energy saving 


mail order house! $1.00 postpaid. Solar | | 


Components, Dept. PS, 88 Pine, Manches- 
ter, NH 03103. 


200 SUPPRESSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
INFO, PLANS: AMAZING 40-PAGE CAT- 
ALOG! 32: INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


PVC PIPE FURNITUREPlans, Kits and 
Supplies. Free Brochure. Casual, Box 208- 
P Tewksbury, MA 01876. 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 
home Connects between any casselle or tape 
z  lecorder and your telephone line, Starts aulo- 
c matically when phone is answered Records both 
ses of conversation Stops recorder when 

` phone is hung up 


EACH y Dx Aui 


Super Powerful FM TRANSMITTER 


Many times more powerty! than other transmitters. à 
Transmis up Io 'à mile Ip any FM radio -Easy to | 
Assemble Kf - up to SV battery inol inci ) 
For catalog of Transmitters. Voice Scrambiers and | 
| other specaly tems, enclose $2 00 ta USI Corp 
Call 305-725-1000 or sand $19.85 + $1.00 | 


shipping per itam to: USI Corp.. PO Box 


PS-2052, Melbourne, FL 37902 COD'&OK, TiN” 


“PROTECT YOUR CAR!" Install an 
Ignition cut-off switch. Complete kit & 
instructions $9.95. I. Sirota, PO. Box 6565, 
Fresh Meadows, New York 11365. New 
York residents add tax. 


THE SUPER BIRD CAGE... 10 Sq. Ft. Of 
Quality PVC Construction And Design. 
Easy Step By Step Photo Plan. Indoor-Out- 
door Use. Can Build And Sell For Large 
Profits. Plans $10.00. Better Ideas, P.O. 
Box 6138, Stuart, FL 33497. 


MAKE portabel air tanks from spare 
parts—instructions $2.00. Janbrook Com- 


pany, Box 24544. Omaha, Nebraska 68114. 


.5mw Easy to Build Laser Kit $279.00 
300' FM Wireless Mike Kit $ 9.95 
Mini Hot Air Balloon Kit/Plans $ 4.95 
. Quartz Cypress Clock Kit 
Complete Catalog $2.00 Refundable 


G. 


PO Box 547 = Hickory, N.C. 28603-0547 


mu 
EE 


AIR CONDITION, refrigeration, home, 
automobile. Nuts, bolts, troubleshooting, 
and repair the qd black box method. 
guaranteed. E. Z. Way, 215 Postoffice Suit 
1205A, Galveston, T 11550. 


SWIMMING POOL KITS: In-The- 
. Ground, Factory Direct Prices. Wonder 
Industries, Box 1526, Paragould, AR 
12450. (501) 239-8295. 


BUILD UNIQUE PROJECTS. Small 
Electromechanical Parts, Project Supplies, 
Ideas. Catalog $2.00. FREE Sample 
Included. Inventors Hardware, Box 8460- 
P Anaheim, CA 92802. 


CRYSTAL MAKING KITS, BISMUTH & 
LABORATORY GROWN CRYSTALS. 
Great for science projects, hobbiests, collec- 
tors. Catalog $2.00, refundable. Argos 
Limited, 270 N. Canon Dr., Suite 103, 
Beverly Hills, CA 90210. 


CAR ALARM.. Sophisticated micro 
technology yet simple and fun to build! 
$5.00 for complete plans. A.D.S. Technolo- 
gies, PO. Box 23496, Washington, DC 


~ 20026-3496. 


LASERS to 1000 WATTS details $1.00. 
DAYSTORM, 164 Webb-Royal plaza, Dal- 
las, TX 75229. 


TELEPHONE HUG- —SPACEAGE TUN- 
NEL DIODE. SELF POWERED. NOT A 
KIT! FM 88 - 108MHz. GUARANTEED. 
$39.95ppd. T.D. ASSOCIATES, PO. Box 
17784, Raleigh, NC 27619. 


ELECTROPLATING. Complete text- 
book. Electroplate metallics - nonmetal- 
lices. $11.95. Details free. Tropic, Box 95E, 
Palm Bay, FL 32906-0095. 


MICRO BUGS 
Highly advanced bugging equipment. Ultra- 
small transmitters, concrete mics, telephone, 
pen bugs and much more. Send $2.00 to 
= MICROCOM for catalog 
(REFUNDABLE). Unbeatable 


prices. 


Aa. urs MICROCOM TECHNOLOGY 
Dept. -D5* P D. Box 347341 * Cleveland. OH 44134 


Build Your Own 


SANDBLASTER 


Eam up to $40.00 per hour removing rust and paint from auto 
parts, farm equipment or any metal surface. This portable unit 
removes rust and paint al a rate of one square loot per minute 
continuously and is buill from common inexpensive materials 
Simple step by step guide shows how to convert a VB engine 

into a powerful 4 cyl engine / à cyl compressor Combination 

Na complicated machine work. Money back guarantee 1! not 

completely satisfied 


Send $15.00 plus $100 handling to: — = 


DESIGN PUBLICATIONS 
PO. Box 102-5 
Columbia, tl &2236 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
| uses a 4-stage circuit NOT to be confused with | 
a simple wireless microphone. Simply snap the | 
unit on top of a 9V battery and you can hear | 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. | 
| Only $29.99 tax incl. 

Call or send MO, VISA, MC for immediate de- | 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. | 


DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


PLANS Buid Yoursell-All Parts Available In Stock 
| * LC7—Burning Cutting CO; Laser .. 5.9 20.00 
| + RUB4— Portable Laser Ray Pistol ... 20 

* TCC1—3 Separate Tesla Coil Plans to 1.5 MEV... 


e 10G1—lon Ray Gun... 1 
a GRA1—Gravity Generator 

| * EML1—Electro Magnet Coil Gun/Launcher 
KITS 
* MFTIK—FM Voice Transmitter 3 mi Range... 49.50 | 
* VWPMSK— Telephone Transmitter 3 mi ae . 4030 
« BTC3K—250,00 Volt 10-14” Spark Tesla Coil ..... 199.50 
+ LHC2K—Simulated Multicolor Laser 39.50 
+ BLS1K—100,000 Watt Blaster Defense Device... 
a [TM1K—100, 000 Volt 20’ Affective 

Range Intimidator... —Á 

e PSP4K—Time Variant Shock Wave Pistol .. 
* PTGTK—Spectacular Plasma Tornado Generator 1 n 50 
* MVPIK See In Dark Kit 


ASSEMBLED 
. EH MENO Variable Mode 
Plasma Globe 


. 10 HeNe Visible Red Laser Gun 
+ TAT20 Auto Telephone Recording Device 
+ GPV10—See In Total Darkness IR Viewer 
« LIST10—Snooper Phone Infinity Transmitter... 
a |PG70—Invisible Pain Field Generator— 
Multi Mode ... 


* Catalog Containing: descr tions of above plus 
hundreds more available for $1.00 or included free 
with all above orders. 

Please include $3.00 PH on all kits and products plans 
hd egg paid. Send check, MO, VISA, MC in US 


| INFORMATION UNLIMITED | 
P.0. BOX 716 DEPT. P8, AMHERST, NH 03031 


KITCHEN REMODELING—EURO- 
PEAN CABINETS, ready to assemble’ 
install. SAVE HUNDREDS. Layout/Plan- 
ning kit $5.00 (refundable with order). 
Konstruct-A-Kitchens, Dept. P5106, PO. 


Box 640316, Miami, Florida 33164. 


TOOLS & MACHINERY 


4" METAL Cutting Lathe $104.50. Taig, 


15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. sag ise 


Free Literature. Pyramid Products Jept 
M, 3736 South 7th Avenue, Phoenix, AZ 
85041. 


LATHES - MILLING MACHINES 
MACHINE SHOP SUPPLIES - TOOLS 


Box 536- PS —— WV 25526 304-562-3538 

L'/nimareCompact* Maximar* M yford* Sherline* Atlas Jet 

REPRESENTATIVES OF MANY MANUFACTURERS 
Toll Free Number For Orders 


SETS START AT $594. 


The O 
Find out more dob this 
versatile quick change 
tool post system. Send 
for a FREE brochure. 
ARF P.O. Box 783B, St. Joseph, MI 49085 
| Fh. 616-429-7050 Made In U.S.A. 


COMPLETE PLANS $15% 


"SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dept. PS8, P.O. 22559, Minneapolis, MN 
52422. 


ri 


BOLTS, SCREWS, TOOLS. WHOLE- 


SALE, DIRECT. Guaranteed. Catalog 
$1.00 (refundable). Camelot, Dept. 33, Box 
65, Bristol, Wisconsin 53104. 


NEW PATENTED 
EASY-TO-CLEAN 
MIXING MACHINE 
— FEATURING - 
REMOVABLE POLY TUB 

$388 FOR 
3'5 CU. FT. 
CALL ia, pe 8105 
of md PREPAID 


OR WRITE 
KEY LABORATORIES. IN 
1185 BASKINS AD. LARGO R 33544 


REAL ESTATE 


CALIFORNIA. Acreage. Lots. $40 down. 


40 monthly. 4602 Ethel, Sherman Oaks, 
CA 91423. 


MONTANA LAND 


20 Acres (or more) starting at $6950, with 
$500. down, $98.22/month. Near Beautiful 
Yellowstone Park and National Forests. In the 
heart of trophy elk, deer, moose, antelope and 
turkey hunting. Blue ribbon trout streams. 
Guaranteed Access. INSURED TITLE AND 
WARRANTY DEED. Your Inspection Wel- 
comed. Free Color Brochure. 


Call Today Toll FREE: 1-800-252-5263 
Yellowstone Basin JYURBIUMS 
1118 N. 7th Ave., 

Dept. PS, P.O. Box 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


| FREEDOM COUNTRY 
| 20 BIG acres in WESTERN MONTANA, starting at $9850 
. $200 down, $37/month . Trout fishing, backpacking, 
camping. Elk, deer, moose, bear. ADJACENT to National 
Forests, near established towns. Yellowstone and Glacier 
| National Parks ne GUARANTEED ACCESS, INSURED 


arby. 
| TITLE, WARRANTY DEED. FREE yo brochure, photos, 
maps. FULL MONEY-BACK GUARA 
CALL TOLL FREE 1-800-592-5990. 
TREASURE STATE RANCHES 
210 Milwaukee Street, Dept. PS 
Deer Lodge, Montana 59722 - (406) 846-1000. 


GOVERNMENT HOMES. Delinquent 


tax property. Repossessions. Call 805-687- 


6000 Ext. T-20025. for current repo list. 


PENNSYLVANIA LAND BARGAINS 5-500 
Acres. Finest whitetail turkey & small 
game hunting. World class trout streams. 
A sportsmans paradise. Owner financing 
w/low down pymt. N. Central PA. Write: 
Sportsmans Land Guide, 1517 Washing- 
ton Blvd., Williamsport, PA 17701 or call 
117-322-2906. 


CANADIAN COUNTHY PROPERTIES. 
Acreages for recreation, development, 
farming. fishing, hunting. investment, 
minerals, etc. OUR 72ND YEAR. Terms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. DIGMAM CORPORATION, 
Dept. 496, 370 Dunlop St. West, Unit 807, 
Barrie, Ontario LAN 5R7, Canada. 


DESIGN & CONSTRUCTION 


STEEL BUILDING SYSTEMS. SAVE 
BIG MONEY. FREE building design guide, 
advisory help, specifications, dealer infor- 
mation, anl free National Contractor 
Location Service. Call (303) 759-3200 Ext. 
2001 or write: W.A.C., 6800 E. Hampden 
Ave., Denver, Co. 80224. 


HOME CRAFTSMAN 


to MILLION DIAMONDS sharpen your | 
knife in a few strokes. CONVENIENT, 
attach to knife sheath, boat gunwale, | 
BBQ, etc. BIG DIAMOND AREA, 

| 6x34" SO EASY TO USE Never have 
a dull knife again. WON'T WEAR OUT. 


Put in several places. INEXPENSIVE 
| & GUARANTEED. Order now $9.95 
ea., 2 for $16.95. Add $1 for P&H to: 


The Sharpener 
Dept S, Box 339 
Chalfont, PA 18914-0339 


WOODCHRAFT PATTERNS, Windmills, 
Wells, Bird Houses, Whirligigs, Jigsawing. 
Catalog $1.00. 11840 North US. 27, De 
Witt, MI 48820. 


BUILD YOUR OWN . H- 11. iguaranteed) 


TRANSPARENT VACUUM INSULATED 


EFDGRT on oh La edt mb of any size 
Ca . Paten Pending | 


À COMPLETE PLANS 
| $19.95 
| Mail Check or M.O. to: | 


p HBAR TECHN INC 
H Henn nger Cl | 
raa ilby WA 2021 
(ria 37 B- 3700 


-— TECHNOLOGIES Inc 
SUMP  Pumps—Battery Operated— 
Catalog $1.00 Refundable. Residential 
Safety, 600 Cross, Lakewood, NJ 08701. 
GARDEN SUPPLIES & EQUIP 


ern 
Ha measure rainfall 
All electronic. Accura 
004 inch, Indoor deni Never needs em 
No moving parts. Monn gs back E uid yor] a i 


plus 53 s&h Wiki 
B8898-M Clairemon i ey ts emp 5an Denn CA 92423 


TOLL FREE CALIFORNIA: 1-300-334-3630 
TOLL FREN MATIONWIDE: 1-800-541-0900 


T ae eee 
ART 


NEW! FIVE FOOT LONG 
LAMBORGHINI POSTER! 
State of the Art color! (2215 x 60") Introductory 
offer only $6.98 postpaid. Satisfaction Guaran- 
teed. Send Check or M.O. to Brittany Arts, Dept. 
4A, Box 95956. Hoffman Estates, IL 60195. 


_ WANTED TO BUY 


AUTOMOBILE LITERATURE WANTED: 
1900-1970. I buv automobile sales bro- 
chures, manuals, etc. Walter Miller, 6710 
Brooklawn, Syracuse, NY 13211. 
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OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of "The Psychology of Purity & Chas- 
tity" to: Schizophrenics International, 
FO. Box 50456, Ft. Worth, TX 76105 


WITCHCRAFT 


HARNESS ITS POWERS 
Understand the old Religion 

The Force and the consensus 

reality Gavin & Yvonne Box 1502PS 
Newbern NC 28560 


High-Quality lens 
with supersensitive 
IC Micro FM Radio 


$49.95 - $5.00 S/H 

VISA/Mastercard 

Cameo Enterprises, Inc, P.O. Box 63, Accord, MA 02018 
INFO (617) 843-1900 - 1-800-522-2636 (For Orders Only) 


COLLEGE SCHOLARSHIPS Avail- 
able! Everyone Eligible. Guaranteed. Free 
Info Packet. Shelton Associates, Box 9016- 
PS, Newark, NJ 07104. 


BUSINESS OPPORTUNITIES ] 


NEW Discovery in Battery recondition- 
ing. Eighteen months guarantee! Means 
Big Profits Fast! Electoan, 7415 Gable Dr. 
Little Rock, AR 72205. 


$1.00 POUND From "Junked" Tires. 
(Stamp Appreciated). LaVallees, Foun- 
tain, FL 32438. 


IMPORT-Export opportunity, profitable 
world-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unneces- 
sary. Free Report. Mellinger, Dept. 42699, 
Woodland Hills, California 91367. 


BUMPER Sticker Printer. | Cheap, Sim- 
ple, Portable. Free details Bumper, POB 
Do T91(LLC). Tampa, FL 33622. 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 


downe, PA 19050. 


ALUMINUM SCRAP-Recycle Yourself- 
MAKE $25.00/POUND! Free Informa- 
tion: Industrial-PS78, Box 127, Alexandria 
Bay, NY 13607. 


REPAIR HYDRAULIC JACKS — Free 
details. Hydraulic Parts Supply, Dept. 5, 
Box 4157, Brownsville, TX 78520. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsby's, Box 1214, Franklin, TN 
31065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 
P.O. Box 1039, Gatlinburg, TN 37738. 


MECHANICALLY inclined individuals 


desiring High Weekly Profits operating 
Small Manufacturing business Without 
Investment write: Businesses, 92-P Brigh- 
ton llth. Brooklyn, NY 11235. 


$192.00 FROM Square Foot Plywood 
(Huge Demand), Revealing Proof 50¢ 
(Refundable), Woodwins, Bridgewater, MA 
02324. 


$40,000 ON 1/3 ACRE! New hydropon- 
| inexpensive, pleasant, practical! Free 
information. Planter's, Box 1214, Franklin, 
TN 37065-1214. 


SPARE time fortune in Vinyl Repair. 
Huge demand creates exceptional profits. 
We supply everything. Details free. VIP. 
2036 Montrose, Chicago 60618. 


$1000 weekly mailorder. Immediate 
opportunity. No obligation. Enterprise, 210 
Welch-PS, Ames, [A 50010. 


SCREEN Print T-Shirts. Inex 
kits. Free Details. "T-Printer" PO 
(LLC), Tampa, FL 33623. 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
yearly! Call TOLL-FREE for Valuable 
FREE report. +800-32+-2597. Glas- 
Weld Systems, Box 5755-C8, Bend, OR 
97708. 
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POPULAR SCIENCE 


$40 - $108/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information. RENEW, 
PO. Box 9900-5, Vancouver, WA 98664, 


A FINANCIAL SUCCESS SHOWS YOU 
HOW! Free Details. Sase. Success, 4935 
NW, Kahneeta Dr., Portland, OR 97229. 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
Details. Gold, POB 24986 (LLC), Tampa, 
FL 33623. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnyman’s—PS78, Box 250, 
Alexandria Bay, NY 13607. 


GET RICH!! Secret law smashes debts— 
brings cash credit! Details FREE! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


GET RICH using OTHER PEOPLE'S 
MONEY!! Unique—amazing business! 
Details FREE! Finance-5, Box 4605, Mar- 
gate, FL 33063. 


$25,000 LOANS INTEREST FHEE! 
Secret Federal law WIPES OUT PESTS!! 
Details FREE!! Moneywise-S, Box 636679, 
Margate, FL 33063. 


PIANO TUNING PAYS: learn with 
approved home study course. Diploma 
granted. American Tuning School, 17050 
Telfer Dr., Morgan Hill, CA 95037. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071. 

LEARM Piano Tuning. 


Big Profits! 


| Empire School, Box 1014PS, Jupiter, FL 


33468-1014. 


FREE! TREASURY OF HOME BUSI- 
NESS OPPORTUNITIES, POPCO, BOX 
34370, BARTLETT, TN 38134-0370. 


MILLIONAIRE Mailorder Expert 
Reveals Money-Making Secrets. Free, 
Exciting, Hour Cassette: Melvyn Powers, 
No. Hollywood, CA 91609. 


CONCRETE Block Machinery: Catalog 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


START A Janitorial Cleaning Service! 
Make Big Money Fast! Write: Stella, Box 2, 
Hamburg, NJ 07419. 


ADVERTISE free in 507 Magazines. 
$5.00. Directory, Box 11W, Atlanta, GA 
30301. 


$15,000 MONTHLY INCOME! Easy 
Moneymaking Plan. No Investment. 
McDowell, PQ-8, Box 5529 Diamond Bar, 
CA 91765. 


OPERATE vour own mail order business 
at home! Beginners are earning $1000.00's 
monthly using the methods of this best 
selling book. Send $4.00 to: Cargill Publi- 
cations, 600 N. Oakland Ave. Box 1A, Pas- 
adena, CA 91101. 


MAKE YOUR DREAM COME TRUE. 
EARM $60,000 YEARLY REPAIRING 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (BOO) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC. BOX 
17693, PLANTATION, FL 33318. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Free Information. Battery Outlet, Box 
3300-S, Hickory, NC 28603. 


SUCCESS WITHIN SIX MONTHS in 
your home based business if you follow our 
plan. RALDAY, Box 13880, St. Paul, MN 
55113. 


YOU too can have a profitable home busi- 
ness. Guaranteed. Box 566, Chardon, Ohio 
44024. 


HIGH PROFITS! Selling information by 
mail. Free details: Richard, PO. Box 
14757P, Gainesville, FL 32604. 


GOVERNMENT 
SEIZED PROPERTY 


- LITTLE-KNOWN SECRET REVEALED! 
Buy Dirt Cheap - Automobiles, 
Trucks, Vans, Boats, Furniture, 

ü Stereos, Appliances & TVs -- eae ee 

| thousands of other items pr: 6 F: 

Ein narcotics raids — r 

= hesell at Big Profits! e z 

^ uS Free Information! Ea 

j MARCEL Dept. EB oS 
vod! P.O.Box 7557 | qd 

ast Monroe, LA 71211 === n 


| International, 
07101. 


HOTTEST BUSINESS IN U.S.! Start 
home mailorder business quickly! Free 
information. Redrick Publishing, Dept. 
PS-8, FO. Box 520, Lilburn, GA 30226, 


BUILD and SELL cedar strip canoes. 

Make $900 PROFIT. TRENTS, 908 Niag- 
ara Falls Blvd., North Tonawanda NY 
14120-2060. 


MAKE MONEY AT HOME. Free informa- 
tion. TARDIS Enterprises, Dept. P8, Box 
681, Dixon, CA 95620. 


TAKE CHARGE! Profiting from home 
business, low investment. Free details. 
Harpers Publishing, 4339 Galbrath Dr., 
Dept. PS 478, Sacramento, CA 95842. 


IMAGINE! MONEY, PRESTIGE, FREE- 
DOM. Seven home businesses proven to 
earn  $1,000s. (GUARANTEED. Free 
Details. Half Moon Publishing, PO. Box 
182, Clarksburg, TN 38324. 


PROFITABLE Business learn Sewing 
Machine, Vacuum repairing. Free infor- 
mation: Brown, 641 West J. Suite 338B, 
Lancaster, CA 93534. 


| START Wholesaling from scratch. Free 


Merchandising Kit. $175.00 Free Gift. 
Mail $2.00. JB Products, Box 41429, (SC 
708) Chicago, IL 60641-0429. 


SELF MADE MILLIONAIRE Heveals 
Mail Order Secrets FREE Details: Bosco 
Publications, Box 55505-PS, Houston, TX 
11255. 


$1000's WEEKLY mailing. Free infor- 
mation. Stamped envelope: Progress, Box 


93248, Los Angeles, CA 90093. 


MAILORDER . Onpportunity: Start 
profitable home business without experi- 
ence or capital. Information Free. Mail 
Order Associates, Dept. 796, Montvale, NJ 
07645 


SECURE YOUR FINANCIAL FUTURE- 
EARN UNLIMITED profits with business 
you can operate from home. Information 
$1.00. L.A.M. Enterprises, 1429 Shore- 
Parkway, Suite 6F Dept. PC7, Brooklyn, 
New York 11214. 


FREE INFORMATION! $37,500 vearly, 
working WEEKENDS! Mumtaz, 1705 
Metrocrest #273, Carrollton, TX 75006. 


START YOUR OWN BUSINESS on a 
shoestring! Amazing cash profits daily 
cleaning chimneys. Big demand. Cash in 
now. $500 weekly possible sparetime. 
Exclusive equipment System cleans most 
chimneys within one hour from inside the 
home. $55 + per chimney. Giant Informa- 
tion Kit FREE! August West Systems, Inc., 
38 Austin Street, Dept. 4241, Worcester, 
Massachusetts 01601. 1-800-225-4016, 
Ext. 553. 


EARNINGS Unlimited! Mail Our Bur- 

lar Alarm Advertisements From Home! 

BM Merchandising, Box 59314, Chicago, 
IL 60659. 


HOW To Become À Business Tycoon. You 
be the boss. First time secrets revealed. 
Free Information. Lawrie Enterprises, 
Inc., 943-8 New Street, West Chester, PA 
19382. 


HOWto start a profitable home business. 


Free information, SR Sales, Box 27212, 


| Escondido, CA 92027. 
PROFITS WHILE SLEEPING. For a fab- 


ulous income at minimal investment call 
collect or write to our International Head 
Office at: Machine-O-Matice Limited, 51 
Bertrand Ave., Department PS-8, Scarbor- 
ough, Ontario, Canada MIL 4P3,. Tele- 
phone No. (416) 757-8820, (416) 757: 3726. 


e2 CURRENT money-making reports 
manuals. Re-print rights available. Lawrie 
Enterprises, Inc., 943-3 New Street, West 
Chester, PA 19382. 


TRIAL subscription absolutely free. 
Send name, address, zip to: Spare Time 
Money Making Opportunities magazine, 
Dept. D-87, 5810 W. Oklahoma Ave., Mil- 
waukee, Wl 53219. 


NEW PRODUCTS NEWSLETTER. 
Exclusive opportunities. Free information. 
Box 636-PS, Newark, NJ 


HOW TO start your own profitable busi- 
ness while you keep your present job. FREE 
details. AMKRAFTS, 
wood Ct., Raleigh, NC 27614. 


R 1, 12816 Beech- 


MAKE Rubber Stamps. Highly Profit- 
able Business. Free Details. Stamper, POB 
22809 (LLC), 22809 (LLC), Tampa, FL 33622. — FL 33622. 


MUSICAL INSTRUMENT WHOLE- 
SALE CATALOG. $2.00. The Music House, 
Dept. 63, 2748 Pine Island Rd., Matlacha, 
FL 33909. 


LEARN (old, Silver Scrap Recycling 
Business. Free Information: -1216 Recvel- 
ing, Box 11216PS, Reno, NV 89510-1216. Box 11216PS, Reno, NV 89510- 1216. 


MAKE THOUSANDS selling vour craft 
or product nationally. For information send 
$1.00 and a self-addressed stamped enve- 
lope to: Homecraft Showcase, Ine., PO Box 
60631. Oklahoma 60631, Oklahoma City, OK 73146. — OK 73146. 


OPPORTUNITY for financial indepen- y 
dence in 1 year!!! UNCONDITIONAL 30- " 
DAY GUARANTEE!!! Introduce people to 
buyers service. RUSH $10.00. Buyers, 910 
E Pratt, Palantine, IL 60067. 


REPAIR VIDEO TAPES! ! Easy, Profit- 
able. Write: Save-a-Tape!, Box AA, Phil- 
mont, NY 12565. 


LEARN VACUUM CLEANER REPAIR 
Start Small Grow Big. 50 beet Supplier 
Lists And How To's $5.00, Sass, Box 1057, 
Sumter, SC 29150. 


TAKE Catalog Orders. We drop-ship 


| 2955 best-selling specialty products. Low- 


est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 


tunity. Free Book. SMC, 9401 De Soto Ave., 


| Dept. 28-80, Chatsworth, CA 91311-4991. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp: DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS for lawn equip- 
ment. Minibikes, Karts, Chainsaws, Small 
Engines. Quality products. Send $3.00 for 
full line catalog. GRP Parts, P.O. Box 
45245, Dept. S, Somerville, MA 02145. 


X 
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| 400,000 BARGAINS Below Whole- ? 


sale! Many Free!  Liquidations... 
Closeouts! . .. Job Lots... Single Samples. 
Free details. Worldwide Bargainhunters. 
Box 1409-B, Holland, MI 49422. 


FREE BELOW WHOLESALE CATA- 


LOGS—500,000 Amazing Bargains Pho- 
tographed!! Exciting Information: 


Intercontinental, Box 18628, San Antonio," 


Texas 78218-0628. 
PLASTICS 
CASTOLITE Liquid Resins and Molding 


Supplies to cast, embed, coat, fiberglass, 
repair and reproduce; in industry, labora- 


tories, craft work. Catalog $2.00. CASTOL- . 


ITE, Dept. 87K/P5, Box 391, Woodstock, IL 
60098. 


SCIENCE & CHEMISTRY 


FREE SCIENTIFIC SUPPLIES and 
CHEMICAL CATALOGS. H.J.M. Labora- 
tories, Inc. presents its latest catalogs con- 
taining scientific laboratory equipment, 
supplies, chemicals and a complete line of 
specialty laboratory glassware. Write 


today for your FREE catalogs: R.J.M. Labo- ` 


FO. Box 899, Santee, CA 


ratories (I). 


92071. 


ANATOMICAL CHARTS, 
SKELETONS, $1.00 Catalog. CHARTS, 
7124 North Clark, Chicago, IL 60626, 


1987 CATALOG, 200 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much more. Beginner to 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


MAIL ORDEH SCIENCE STORE 
Reagent chemicals, Laboratory apparatus, 
large Inventory. Same day shipping on all 


mail and pene orders. Over the counter- 


sales. Cal 
CHEMICALS, 
(Texas.! 


161 PAGE Book Title “A Treatise On 
Electricity, Magnetism, And Gravity" 
Send $10.00 To: Coleman, 3401 Pope Ave., 
North Little Rock, AR 72116. 


EMERALD CITY Chemical Inc. We Su 
ply Your Chemical And Equipment Needs 
National Tel: 1-800-431-5511, Washington 
Tel: 1-800-562-6794. Order Directly Or 
Inquire About Reference Catalogs. 1409 E 
Madison, Seattle, WA 98122. 


for Free 1987 Catalog, DFW 
INC., 


ages. Chemistry, 


214-988-6666 


"EXPERIMENTERS" LABORATORY 
, CHEMICALS - GLASSWARE, Catalogue 
PSIO0. Established: 1953. HAGENOW 
LABORATORIES, 1302 Washington, 
MANITOWOC, WISCONSIN 54220. 


WEATHER FORECASTING SECRETS, 
lans, kits. Brochure $2.00. SKY WATCH, 
x 1305, Mesquite, TX 75149. 


225 1987 Glassware, chemi- 
cals, equi ment, books, experiments, 
DINOSAURS and charts! Most compre- 
‘hensive catalog offered by anyone in this 
column. Established 1970. 3$3.00(U8) 
AREFUNDABLE. Analytical Scientific, 

11049 Bandera San Antonio, TX 78250. 
(512) 684-7373 VISA. 


CHEMICALS, LAB EQUIPMENT, 
GLASSWARE. PRICELIST.  ALphA 
“CHEMICALS, PO. BOX 342. HOUSTON, 
TX 77001, (713) 681-5548. 

WILL pay $50,000 to travel backwards in 
time. 501 Huntington Road, Bridgeport, 
CT 06610. 


FORMULAS, PLANS 


MONEYMAKING CHEMICAL PROD- 
UCT FORMULAS! CATALOG LISTING 


THOUSANDS ONLY $5.00 ND- 
ABLE: GWAG, Box 193, Brookfield, WI 
53008-0193. 


| BOOKS & MAGAZINES 
FAMILY Bibles - Beautiful Bible Stories, 


aped Bible Cassettes. Details $2.00. Brid- 
| ges. Box 5460, Hollywood, FL 33083. 


PUBLISH Your Book! Join our success- 
ful authors. All subjects invited. Publicity, 
advertising, beautiful books. Send for fact- 
filled booklet and free manuscript report. 
Carlton Press, Dept. PS, 11 West 32 Street, 
New York 10001. 


SEND for "Laugh Time U.S.A.” A new 
monthly humor newsletter. $1.00 - Max 
Miller, Box 42303PS, Philadelphia, PA 
19101. 


Handbook for 
1909 Sunset Dr., Walla 


TEACHER TRICKS - 
teachers. $5.00. 
Walla, WA 99362. 


J. INDEXES to POPULAR SCIENCE 
available: For any year back to 1972 (thru 
1986). Individual index $1.75, any five for 
55. Send to: POPULAR SCIENCE 


INDEXES, Box 2017, Latham, NY 12111. 


GOV'T SURPLUS 


NARCOTICS RAID SEIZURES 
Autos.. Vans.. Boats .. Airplanes. Millions 
Surplus Bargains .. many 1% original cost! 
“Nationwide Sales Directory” —$3.00. Dis- 


posal, Box 19107-FV, Washington, DC 
20036. 
MONEYMAKING 
OPPORTUNITIES — 


“$1,000's WEEKLY"! Mailing Letter$! 
FANTASTIC OPPORTUNITY! Start Imme- 
diately! EXCITING FREE DETAILS! Write: 
SUCCESS, #605-PS, Dresher, PA 19025. 


GET RICHI! Secret law smashes debts— 
brings cash credit! FREE report!! Wealth- 
Kit-S, Box 4036, Pompano, FL 33063. 


$100's WEEKLY eee nan Spt id 
articles. Free information. MCPI-NC, 231- 
32 Merrick Blvd., Laurelton, NY 11413. 


MONEY from discarded tires. Details, 
Brownie, Drawer 53, Fishers, IN 46038. 


“AMAZING!” Drive a new car—Only 
$49 monthly! Receive Free Products too! 
Free Details—Send Stamp—Campbell, 
1442 Kona, Honolulu, Hawaii 96814. 


BUMPER Sticker Printer: Cheap: Bi one 
ple, Portable, Free details Bumper. POB 
22191 (LLD), Tampa, FL 33622. 


RECOVER FINE GOLD from most river 
wash gravels with unique self made inex- 
pensive device. This is not a Sluice Box or 


a Jig and no moving parts. For hand min- | 


ing or large production. Plan $25.00 Min- 
eral Research, Box 319, Atlin BC VOW 
LAO Canada. 


HIGH Profits T-Shirts and Caps. Inex- 


pensive, professional transfer machines, 
supplies Press Magic, PO. Box 22809- 
LLD, Tampa, FL 33623. 


FULL Part-time $180.00 Per Roll Guar- 
anteed taking photographs. Experience 
unnecessary. 35mm camera and film sup- 
puea. free. 1-416-482-2100 x 908A. Days, 


venings, Weekends. 


STOCKS on a Shoestring... Little 
$.... no broker... .no training. Free info. 
PATSCO, 1827-D2 Clinton, Alameda, CA 
94501. 


INSIDERS SECRETS to MAKING 
MONEY and Getting FREE TRAVEL! Send 
$4.95 to: POB 61964, Honolulu, HI 96839- 
1964. 


$1,000 WEEKLY Home Business 


Directory. Details. Box 2019-PS, New 
York, NY 10163. 


ELECTRONICS, STEREO HI FI 


RARE Records, All Kinds, Free List. Bet- 
te's, PO. Box 6453, Louisville, KY 40206. 


LEVITATOR 


No hands, no 
strings are in- 
volved, yet a 
chrome ball is 
suspended in 
mid air be- 
neath an arch. 
CONES A great con- 
ve rsation starter for home or office 
the LEVITATOR will amaze every- 
| body as it defies the most basic law 
| of nature. $63.00 shipping add 
$5.00. All products are ready to use 
& guaranteed. Call or write for free 
| catalog. 402 554-0383 
United Imports & Mfg. 
6846 Pacific St. Dept. 102 Omaha NE. 68106 


SATELLITE TV 


TV SYSTEMS, Upgrade 
Electronics Buyers Guide, Discount 
Prices. $3.00. N.E.C.S. Inc. Box 22808-SI, 
Little Rock, AR 72221. 


CABLE T.V. EQUIPMENT 


JERROLD ("450" DRZIN, DRZID, DRZ), 
SB-3, HAMLIN, OAK N-12, M-35-B, MAG- 
NAVOX, SCIENTIFIC ATLANTA, ZENITH, 
AND MORE. (QUANTITY DISCOUNTS) 
60 DAY WARRANTY. FOR FAST SERV- 
ICE C.O.D. ORDERS ACCEPTED. SEND 
S.A.S.E. (60 CENTS POSTAGE) OR CALL 
FOR INFO. (312) 658-6251 


CHANNELS UNLIMITED 
214 N. MAIN STREET 
ALGONQUIN, IL 60102 


NO ILLINOIS ORDERS ACCEPTED 


SATELLITE TELEVISION ANTENNAS 
Complete detailed plans for home con- 
struction by anyone. $2.00. Catalog 
included. Jansen Electronics, PO. Box 
168-A, Dundee, OR 97115. 


SATELLITE TV Receiver Kits! LNAs! 
Instructions! Schematic! Send ARS 
envelope: vcn mM 25647, Dept. 24XP. 
Tempe, AZ 85282 


VIDEO 


VIDEO MOVIES Approx. 10,000 titles 
cataloge $5.00. P.O. Box 315, Honaunau, 
HI 96726. 


Multi-Channel Microwave 
T.V. Receivers 
15276Hz Parabolic Dish 40: dB.Gain 
LIFETIME WARRANTY 


C wipes System 569 95 (Shipping inci | 
ride ement Components 
xper] Repairs Available 


K & 5 ELECTRONICS 


P.O. BOX 
PHOENIX. AZ B5067 


Far Dealer Rates Cal! 600-888-4080 


Call now for same 
day shi l 


- VISAIMC/COD 


CABLE TV Scientific 
Atlanta, Jerrold, Oak, Zenith, Hamlin. 
Many others. "New" VIDEO HOPPER 


"The Copy Killer". VHS Wireless remote 
$239.00. Visa, M/C & Amex Accepted. Toll 
Free 1-800-826-7623. B&B Inc., 10517 
Upton Circle, Bloomington, MN 55431. 


BETTER HEALTH 


POSSIBLE LEAD IN YOUR DRINKING WATER! 


| Is your family at risk? Find out if 
your water is within government 
EPA standards for lead content. 
Easy to use sampling kit. 
Laboratory results. Two sample kit 
only $29.95 plus $4.00 for handling 
and mailing. (CT 7.5% Tax) Order 
today. MC and Visa call 1-800-992- 
2219 (in CT 203-753-4418) or send 
check or money order to: AQUACHEK 
CORPORATION, Lab PS8, 24 Falls 
Avenue, Waterbury, CT 06708. 


HEART ATTACK 


FREE REPORT. | survived heart attack Quit 
doctors. Used 90 + day painless technique. Cancel- 
led surgery— Tossed out pills— Ended discomfort 


Feel & look younger. Regained health. Laugh at 
doctors & pills. | am a new man. Helping others. 
Free proof--SEND NO Vg om name and 
c Survival- 20 Box 3256, Austin, Texas 


SAVE THOUSANDS of DOLLARS and 
YOUR HEALTH. BE More RESPECTED. 
STOP SMOKING FOREVER! This SYS- 
TEM WORKS OR Your MONEY BACK 
Send $2.00 For Full Details. SMOKERS 
RECOVERED, 310 Oak Glen Circle, John: 
son City, TN 37604. 


ALCOHOLISM RECOVERY KIT Pam- 
phlet, cassette tape and reference testa- 
ment. Based on biochemical understand- 
ings and Christian principles. Send $6. 
Performance Ministries, Box 20973, Okla- 
homa City, OK 73156. 


DRINKING WATER PURITY TEST 
Drinking Water Purity Test. DIY kit mea- 
sures seven conditions. Send $18.50 or sase 
for information. Water Testors, 7016 
Wabash Ave., Terre Haute, IN 47803. 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 


markup. Free Trial. Batteries wholesale. 
Terms Arranged. Lloyds-PSC, Rockford, IL 
61104. Call 1/800/323-1212 Toll Free. 


EIE ES AIDS 
> PRICE CATALOG FREE! | 


I super VINGE Newest. Finest. All 
i pe YE DIRECT & save up to HALF! 

SC ard ARTN on HOME 
I TRIAL. TREE Catalog. W 


| MONEYSAVERS. 
ept. PS8D 9530 Langdon Ave., 
V Sepuiveda. Cal. 91343 


THE "ULTIMATE" ‘CANAL AID 


pa Better Hearing 
- 41 ! without 
< | The Look 
w Order your free 
Better Hearing 
catalog today! 
Hearing aids 
: iis have never been 
ess obvinus: Or easier to buy. 
We sell directly through the 
mail. No salespeople! You'll 
save money! We offer a no-risk, 
45-day trial for any of our hear- 
ing aids. 
Cail toll-free 1-800-321-5400. 


P.O. Box 569-708C 


202 East 2nd Street 
Brookport, IL 62910-0569 


BEWARE OF IMITATIONS! Cur Pat, (3498286 Protects You. 
REHABILITATE DOGS: from Electric Shock-Shy , Gun-Shy 


x penes aun Fa pe TEACHES ..........- 
* Housesoiling® * Come-at all times! 
«Jumping  * Gun S *Si «Go 
* Chewing * Breaking Point «Heel * Self Control 
è Barking * Over Ra 


*» Stay * Guard 
a Busting Birds "Drop * Fetch 
* Hunting Dogs + Stock Dogs * « Show 


AMERICAN 

DOG, WALL STREET darent 
A science engineering breakthrough! A set of unique 
dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near 
hypnotic control, even at a distance. No leash 
needed. Movices become experts. This new 
discovery is a learning-sound catalyst that teaches 
direct to the dog's mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yet, more powerful! Dogs 
simply don't fight it. Tunes dogs in, makes them want 
to please you. Unequaled loyalty-bonding. Same 
instruments and system (the Dr. Miller patents) 
dispensed by veterinarians for dog behavior, Now, 
thousands of satisfied users in U.S. & foreign lands. 


From $25 to $175 FREE catalog 


DOG-MASTER SYSTEMS 
487 Wilshire, Box 250, Agoura Hills, CA 91301 


A Division of Environmental Research Labs.Copyrighl © 1986 


SALESPERSON-DISTRIBUTORS 


‘THERE IS MONEY 
TO BE MADE SELLING 


receive a 30% discount on a pair of cushion comfort Knapp 
shoes for yourself from the largest direct selling shoe 
company in the entire country. Over 20,000 sales people 
like urself ane making money every day selling from our 
full color catalog featuring over 250 attractive styles for 
men and women including dress, casual. work, safety and 
outdoors. Knapp will send you a complete FREE 
SELLING KIT, including everything you need to get 
starte earning extra money immediately. There is no nsk 
when you sell Knapp shoes. We support our sales people 
with free training and back our shoes with an unconditional 
money back quarantee. No cos!! No Obligation! 
Send coupon today!! 
Thomas McCaffrey, KNAPP SHOES, One Knapp Centre 
5911 Brockton, MA 02401 


Name 
Address 
City 


America Works 


in Knapp Shoes 


OPTICS 


THE "HIGH-LITE" BINOCULAR SUPPORT SYSTEM: 
REVOLUTIONARY SUPPORT 

AND TOP QUALITY BINOC- 

ULARS GIVE A WHOLE 

lo. NEW DIMENSION TO NA- 

=" TURE STUDY, SPORTS, ETC. 
pjer- CELESTIAL INNON, ATIONS 


| Order "CUSTOM MADE" 
£n RUBBER STAMPS 
«-— o" UP TO 4 LINES only Y 9s 
(Max.30 letters per line) 
INK PADS only $1.95 a 
gat us Color Black, Blue, Aed, Green 
T (o H we Add 25¢ per item for postage | 
JN = SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 days! 


QUALITY Stamp Mtg. Box 35514-5, Tulsa, OK 74153 


CABLE EQUIPMENT 
CABLE TV SECRETS - the outlaw publi- 


cation the cable companies tried to ban. 
HBO, Movie Channel, Showtime, Des- 
cramblers, Converters, etc. Suppliers list 
included. $8.95. Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


AUGUST 1987 | 103 


BODY BUILDING 


| can help you 


B * add inches to your 
chest and arms 

il *increase strength 

+ build muscle mass 

in just days' 


Send for FREE info! 
DASH*P O. Box 2888 *«neprpsg7 * 
Tusc..AL 35403 1-800-367-9599 
L ARI EB Pg TI WP I| TY ]J P I| T]; | 


MODELS-SHIPS, CARS, PLANES 


WORKING STEAM MODELS 


KITS OR ASSEMBLED | 
Mew! Fire Truck, Tractors, Lim- 
ousine, Marine, Truck, Locomo- 
lives, & Engines. Two Steam 
Books. 68 Colored 555.95 
Maece: Colored. Circular 
00 Spring Discounts! 
DIAMOND ENTERPRISES 


Dept. PS7, Box 537, Alexandria Bay, NY 13607 
Phone: (613) 475-1771 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $6.00. Vernon, Box 1387PS. N. 
Baldwin, NY 11510. 


e PEBBLES e 
RANDOM NUMBER GENERATORS 
LOTTERY AD ON A Key RING! 
HAT i—4 «PC SEND Ti 95 CE ar M CO 
RR 1—0 BP AO AI O0 SEH (A. RES. AED 7 
Ane allt c uu SPEC MONTH ABD COLDR 
=l B COLOR BLUE, GEREN, YELLOW 


HANG OX wa CON Cy, sie RED, ORANGE 


SPECIAL DESE STAND 
PATENT PENDING 


DOSE STAND SOLD 

SEPARATELY 2 00) 

PREMIE PRODUCTIONS, 
PO. BOX 361357 

MILPITAS, CALIE (95035) 


JOKES & NOVELTIES 
PRANKS) Magic Catalog. 25¢. Garner's, 
1085 Fifth NE, Salem, OR 97301. 


MAGIC TRICKS, PUZZLES 


IMPRESS YOUR FRIENDS 
SOLVE Rubiks new magic puzzle send 
$2.00 sase. BS Guthy, PO. Box 1018, Ar- 
lington, MA 02174, 


PROFESSIONAL MAGIC! Huge Cata- 
log, over 1,000 Tricks and Books. $4.50. 
Hank Lee's Magic Factory, Dept. PS8, 125 
Lincoln Street, Boston, MA 02111. 


YOU can become a Magician! An excit- 
ing hobby that will enhance your social life 
and put money in your Pocket. Have fun 
making new friends. It’s amazingly easy. 
Ask me for revealing information—free! 
PS Buslovich, Box 789, Lynn, MA 01903. 


CARTOONING, SIGN PAINTING 


LEARN Sign Painting, Pinstriping. Free 
Catalog. Kaufman Supply, Centertown, 
MO 65023. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293. 


BUMPER STICKERS 


NJ R 3 ED DOM 

NJ e diii 
These window stickers are now cao made 
available in the interest of keeping strong 


the freedom we enjoy in our great country. 
Cost $3.00 each. 


C.F.L.G. Dept PS, 3001 Redhill, 
Bldg 5, Suite 108-117 
Costa Mesa, CA 92626 


Shipping and handling included. 


COMPUTERS 


TI-89/4A Software/Hardware bar- 
gains. Hard to find items. Huge selection. 
Fast Service. Free Catalog. Enterprises, 
Box 690, Hicksville, NY 11801. 


MAILING LIST SOFTWARE for IBM- 
PC. Handles million records. Satisfaction 
guaranteed. Send $10. ANIL INC., Box 128, 
Waldwick, NJ 07463. 


rere oce ACCESSORIES: High 
Quality.. rices! Free Catalo 
PEARL DATA. 46 Kearney Road, Dept. pE 
North Wales, PA 19454 
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TREASURE FINDERS/ 
METAL DETECTORS 


FIND old coins, jewelry, gold nuggets. 
New Patented revolutionary device. Free 
catalog. Gardiner, 4729L N. 7th Ave., 
Phoenix, AZ 85013. 


Pay For Your Hobby! 


With White's NEW 
Professional Series 
Metal Detectors 


Call Toll Free: 
1-800-547-6911 


WHITE'S ELECTRONICS 
Dept. PB-6 Sweet Home, OR 97386 


BURIED TREASURE | 


with Ultra Sensitive DIRECIONAL Locator 
SEND FOR 
FREE INFORMATIVE BROCHURE 


=" RESEARCH PRODUCTS 


BOX | 


270270-H TAMPA, FLORIDA 33688 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere. Many plans 
included. Try us! Associates, Box 98-P3, 
Brooklyn, NY 11235. 


BORROW $40, 000 "overnight." Anv 
purpose! Free Report. Success Research, 
Box 19739-FV, Indianapolis, IN 46219. 


FREE MONEY! 5300,000,000 Giveaway. 
Grants. Never repay. Details $1.00. Jakla, 
Box 3066-PS87, Seminole, FL 33542. 


NEED MONEY? € 


| WHEN BANKS STOP... 


staru [4 


: NO CREDIT CHECK, 
: COLLATERAL, « CO-SIGNERS. c] 


$ WRITE TODAY FOR FREE DETAILS! 


^ 1107 CRAWFORD FD. DEPT PS 
i Wu z 
A BOC STATESVILLE. NC 28677 


StS See SS SS ST SBS FEE LIP SESS STS See 


ARAB BUSINESSMEN have money to 
buy & invest. Top finder's fees paid. IMEA, 
887PS1, Box 3574, Newport Beach, CA 
92663, (714) 722-9260. 


BORROW  $500-$40,000! “Over- 
night" On Signature. Keep indefinitely! 
Action #PS-08, Box 5499, Diamond Bar, 
CA 91765. 


NEED MONEY? Cash, Loans, Govern- 
ment Grants. 99% eligible- no investiga- 
tion, Creditpro, Box 400-F NM, Jamesport, 
New York 11947. 


BORROW $500— $40,000 on Signature! 
Any Purpose! 97° Eligible! Free Applicat- 
ion: United, Box 3789-K, Downey, CA 
90242. 


MONEY Problems? Government loans 
cash 99% eligible, Confidential, No one 
refused. Quick reply. Creditbane, Box 
4039MPS, Parkside Sta., Forest Hill, NY 
11375. 


BORROW = 3100-5100,000! Instant 
Reply! Rush Stamped Addressed Envelope 
Marigold, Box 2030-PS, Richardson, X 
75080. 


BORROW any amount /purpose: Quick, 
confidential! Enclose ‘sase’: Sunrise, Box 


42P. Bethpage, NY 11714-0042. 


$100,000 line credit without investiga- 
tion! Private Swiss bank account! Other 
financial benefits! Free valuable report! 
NACC-PS8, Box 5399, Torrance, CA 90503. 


CREDIT CARDS AT 10%. Send $5.00 
For Information And Bank Forms To: Dept 
PS, PO. Box 93-218, Los Angeles, CA 
90093. 


BORROW $500-$100,000 No One 
Refused, Free Application. National, P.O. 
Box 85PS, Mouth of Wilson, VA 24363. 


SONGWRITERS 
POEMS-SONGS WANTED. Free Pub- 


lishing! Promotions. Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. European 
instruments. Bows. Assemble yourself vio- 
lin and guitar kits. Catalog $1.00 includes 
10% discount certificate. Dept. LT, 4026 W. 
Belvedere Ave., Baltimore, MD 21215. 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. ve 15 Woodside Ave- 
nue, Woodside, NY 11377 


MICRODOT a custom made 
for you. Protect anything. Almost invisi- 
ble. Write for info. I. Dot Inc., PO. Box 6738, 
Lake Charles, LA 70606. 


BIORHYTHMS  ?2SJ4wk $38mo. Send 
birthdate/SASE to: Colorado Lineworx, 
PO Box 86, Burlington, CO 80807. KNOW 
YOUR CAPABILITIES EVERYDAY! 


MOTION PICTURES 
HOME MOVIES, SLIDES, PHOTO- 
GRAPHS transferred to Video Tape! FREE 
Price List. PSVIDEO, 5715 N. Mozart, Chi- 
cago, IL 60659 
PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $5.00. Hydraulic Parts Supply. 
Box 4157, Brownsville, TX 78523-4157. 


REPAIR lawnmowers thousands of parts 


and tools wholesale list 50¢. Ellwanger's | 


PS., PO. Box V, Port Jervis, NY 12771. 


FREE. Brochures. Repair air condition- 
ing. Refrigeration. Tools, supplies, full 
instructions. Dooleo, Ine., 11252 Good- 
might, Dallas, TX 75229. 


RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR, Box 19224PS, Denver, CO 
80219. 


MAILING LISTS 
FREE Mailing List Consultation, 
- Details. GOC-41U, Box 1107, Stuart, FL 
33494, (3051 334-5205. 1-800-554-5478. 


HOT list —many categories. Credit card | 


orders 1-800-843-0755/(515) 
List, Box 1033, Ames, [A 50010. 


NEW ACTIVE NAMES!! 
RANDOM STATES Available! IMMEDI- 
ATE SHIPMENT! Adhesive Labels— 
Guaranteed Opportunity Seekers 500/ 
$25; 1000/$40. Others. Advon, Drawer B6, 
Shelley, ID 83274. Visa/MC/ AmEx. 1-800- 
992-3866. 

NAMES! FRESH, HOTLINE, DELIVER- 
ABLE LABELS! GUARANTEED! QUAL- 
ITY PRICES! 1-(BOO) 992-9405. 


HIGH QUALITY Mailing Lists, guaran- 
teed deliverable. Send for FREE details, 
Marshall Gilbert Co., PO. Box 12925, 
Seattle, WA 98111. 


HOT-FRESH-NAMES opportunity seek- 
ers. GUARANTEED! IMMEDIATE SHIP- 
MENT! Adhesive Labels. 100/$8; 200/513: 
900/321; 1000/$30. SUN INFORMATION. 
POB 2653, Falls Church, VA 22042. Mast- 
ercard/Visa 1-703-876-0443. 


232-6789. 


REMAILING SERVICES 


CONFIDENTIAL Mail Receiving For- 


warding. Mail Drop, Box 18039P5, 
Orlando, FL 32860 
STAMP COLLECTING 


PENNY Stamp Approvals. Regardless 
Catalog. C. Kloster, 4164 52nd St. San 
Diego, CA 92105. 


FREE! Surprise Collection With Approv- 
als. Jay, Box 750128, Petaluma, CA 94975. 


FREE US Mint Packet With Approvals. 
Carlsons, Rt2 Box 112, Annandale, MN 
55302. m 

DISCOUNT STAMPS Request Coun- 


tries, Free List. Iva Stamp Company, P.O. 
Box 197, Hanford, CA 93232. 


FREE, U.S. Mint Set. Approvals. Hilde- 
brand, Box 4867, Santa Clara, CA 95054. 

us. 200 different commemoratives 
$1.00! A Approval Gordon Davison, Contoo- 
cook, NH 03229. 


—— 
FOREIGN PERIODICALS — | 


WORLDWIDE ENGLISH NEWS 
PAPERS/MAGAZINES! Sampler: 4/$2.98. 
FREE BROCHURE. MULTINEWSPA- 
PERS, Box DE-38, Dana Point, CA 926297 


HOUSEHOLD PETS 
NON-VIOLENT INDOOR PET Evam eem em 


TROL For dogs and cats. Durable device 
Price $10.00. Write: Pets, PO. Box 4952, 
Pensacola, FL 32507. 


. WATER PURIFICATION __ 


DRINK PUREST WATER! ^ DRINK PUREST WATER! Home Distill. Distillz 
ers. Discount Prices! — 800-874- 9028. 
WATERWISE, Box 45981, Center Hill, "o 
34254-0459, 


PRINTING SERVICES 


FREE 16 pg Printing Price List, 1 to 4 
colors, sheets to catalogues. Copen Press, 
100PS Berriman St., Brooklyn, NY 11208. 


PERSONAL 


COLLEGE DEGREES, High School 
Diplomas. Authentic looking. Free Cat; 
log. National Certificate, Dept. PS-119, 
210 5th Avenue, New York, 10010 (718) 
768-6803 Ext. 100. (24 Hours). 


GRAPHOANAYLSIS - ASTROLOGY 
Personal, Business or Political. Informa- 
tion sase. S and D, Box 595097, Dallas, TX 
79359-5097. 


^. GOOD EATING 


DELICIOUS. ALL SEASON BOCK 
WURST. Casings unnecessary. $2. 00 
5.A.S.E. Naomi, 1256 Monroe St., Denver, 
CO 80206. 


WINEMAKING 


WINEMAKERS—BEERMAKERS Free 

Catalog. Fast Service. Large Selection. 
Kraus. Box 7850-N Independence, MCN 
640543. 


WINEMAKERS - Beermakers Free Cat? 
alog, Low Prices, Free Recipes. Cellar-8, 
Box 33525, Seattle, WA 98133. 


‘EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women- Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


OVERSEAS .. $25,000 - $75,000. 
Free Report! Employment, Box 19760-FV, 
Indianapolis, IN 46219. : 


BEST JOBS, HIGHEST PAY —New| 
easy method. Guaranteed. FREE report 
reveals secrets, tells how. Nova Systems, | 
6901-C North Lamar, Austin, TX 78752. | 


GOVERNMENT JOBS 316,040 - 
$59.230/vr. Now Hiring. Call 805-687-| 
6000 Ext. R-20025 for current federal list.] 


ALASKA Employment Bulletin: Send 
$4.00 to: AIMS, Inc., 2212 Arcadia Drive; 
Anchorage, Alaska 99517. 


OLD GOLD, JEWELRY WANTED. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, Diamonds, Watches, Silver; 
Platinum. Mail Articles Today. Free gift 
with Information. Chicago Gold & Pre- 
cious Metals, 10 S. Wabash, Dept. 1257; 
Chicago, 60603. 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds, Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


| CLOSEOUT Jewelry. 55e dozen (Catalog 
25e). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


DETECTIVES 


PRIVATE INVESTIGATOR Home- shudy 
Training Program. Free Information, 
Global, Box 191PS, Hanover, MA 02339,” 


ELECTRONICS FOR SECURITY, 
COUNTERSURVEILLANCE, AND PER- 
SONAL PROTECTION. CATALOG $1.00, 
HUNTERA, BOX 12922, WINSTON- 
SALEM, NC 27T7. 


$8.40 PER WORD 


n 10 word minimum 


E. Jones, 345 


BOLD FACE CAPS add $1.00 a word 


East Main St, 


"usos POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART tnr 


counts as SEVEN words. PO. Box 3 counts as THREE words. City, 
standard 2-letter state abbreviation and zip code together count as TWO words. 


DEADLINE FOR ADS: See head of classified section. 


TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


— TO: Classified Advertising Dept. POPULAR SCIENCE, 380 Madison Ave., New York, NY 10017. 


STATE 


|| Remittance of $ is enclosed to cover 
|... CHARGE to: 
y 1 2 
5 6 
9 10 
13 14 
17 18 
21 22 
25 26 
| 29 30 
33 34 
37 38 
41 42 
YOUR NAME 
(PLEASE PRINT) 
FIRM 
ADDRESS 
CITY 
DATE: — — YOUR SIGNATURE 


INVENTIONS WANTED 


NF INVENTORS! Confused’ Need help? 
Call AIM for free information kit. Toll free: 
1-800-225-5800. 


IDEAS, INVENTIONS, NEW 
PRODUCTS WANTED FOR 
Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-228-IDEA, Canada, 1-800-528-6060, 

X831. Or write: 

INVENTION SUBMISSION CORP-PS 
903 Liberty Avenue 
Pittsburgh, PA 15222 


NEW IDEA? Innovation Center in Wash- 
D.C. will assist vou through 
RESEARCH and DEVELOPMENT! Free 
Kit—1-800-257-7880, 


HONGKONG factory needs several new 
products for their overseas buyers. Send 
product ideas for royalty evaluation. Can 
Hira exclusively Hongkong Plastic 
Metal Products Company, Box 69627, 

wuntong, Hongkong. 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANU FACT- 

URERS REPRESENTATIVE, Suite 3615- 
PS, Woolworth Building, New York, NY 
10007. 


LEARN how to offer your invention for 
sale or license. Free Booklet Outlines pro- 
cedures royalty rates, requirements, Kes- 
sler Sales Corporation, C-71W, Fremont, 
OH 43420. 


EDUCATION & INSTRUCTION 


FHEE Lifetime. Ordination. Become 
Chaplain, Missionary Evangelist, Bishop. 


Box 744-PS, McKeesport, PA 15134. 

SUPER-INTELLIGENCE! Amazing 

results guaranteed! EDEPS, Box 1462, 

Glendora, CA 91740, 

| LEARN WHILE ASLEEP! Astonishing 
ew Method! Strange Catalog Free! Auto- 

suggestion, Box 24-A, Olympia, WA 98507. 


(PLEASE PRINT OR TYPE COPYeFOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) 


c -— 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 
DOCTORATES. ACCHEDITED, INEX- 
PENSIVE, FAST. FREE INFORMATION. 
DR. JOHN BEAR, P.O. BOX 11447-PSC, 
MARINA DEL REY, CA 90295. 


SUPERLEARNING! Triple learning 
speed through music! Develop Supermem- 
ory; control stress. Free— book excerpt & 
catalog. Superlearning, 450-PS8 Seventh 
Avenue, N. Yc. 10123. 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal, Accredited Attorney 
Instruction. Home Study. FREE CATALOG. 
Southern Career Institute, Drawer 87P5, 
2158, Boca Raton, FL 33427. (305) 368- 
29422. 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, [A 50401. 515/ 
423-5242. 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. BLACKSTONE SCHOOL OF LAW: 
100 years of legal training. Write for free 
catalog. PO. Box 790906, Dept. PS, Dallas, 
TX 153 79. 


HIGH SCHOOL at home, diploma 
awarded. Low monthly payments. No 
classes, information free. Phone fre 1-800- 
228-5600, or write: American School, Dept. 
$347,850 E. 58th St., Chicago, IL 60637. 


SAVE MONEY, Manage it well and Get 
what you want. Booklet tells how, Send 
$3.00. Getting Ahead Enterprises, PO. 
Box 1520, Black Canyon City, AZ 85324. 


Heading: 
insertions(s) in the issue(s). 
Exp. Date 
3 4 
7 8 
11 12 
15 16 
19 20 
23 24 
21 28 
31 32 
35 36 
39 40 
- 43 aa — 
PHONE 
— — — ZIP 
PS 8-87 
EARN MORE IN 90 DAYS. Free 1987 PLANS & BLUEPRINTS 


catalogue describes 200 success proven cor- 
respondence Diploma courses. Granton 
Institute, 263B Adelaide Street West, 
Toronte,Canada. 


LEARN MORSE CODE IN 1 HOUR 
Amazing, new supereasy technique. $5. 
Moneyback guarantee. Bahr, 2549-PS1 
Temple, Palmbay, FL 32905. 


BECOME A PROFESSIONAL REAL 
ESTATE APPRAISER. Correspondence or 
classroom in Atlanta, Los Angeles, Earn 
Certification. FREE INFORMATION. 
National College of Appraisal. 1-800-223- 
4542. 


EDUCATIONAL Consortium Offers 
Courses To Degree Level Business and 
Medical Subjects. Consortium Includes 
Sussex College Of Technology & Bran- 
tridge Forest School. Prospectus Airmailed 
2 Dollars Life Experience Accepted. Secre- 
tary SCT/C. Hi shield, Danehill, Sussex 
England, RHI?" TEX. Telex 95246, Fax 
0825-790097. 


RADIO, TV CAREERS, DJs, Mews- 
Sportscasters, Announcers, FCC license. 

rite: Famous Broadcasters, Box 33-3, 
Jamesport, NY 11947. 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP. Box 487, Anaheim. CA 92705. 


FREE Hypnotism, Self-Hypnosis, Sleep 


Learning Catalog! Drawer PS400, Rui- 
doso, NM 88345. 
FREE Catalog: Subliminal Self- 


improvement, Health improvement tapes. 
Lawson Electronics, Box 711-5, Poteet, TX 
18065. 


GO SOLAR: With easy to follow plans, 
build your own Solar Water Heater, Living 
Space Heater, Window Unit, etc. for free 
information write, G SOLAR, H.C.R.&1, 
Box 147, Palenville, New York 12463 


CREATE THIS 
| WOODEN CLOCK 


PO. BOX 3361, DEPT. Pt, SARATOGA, CA SSOTU 

Please rush. .. 

L Plans and book for oniy $27 00 (CA residents 
add 6% tax) and 52.40 for postage 

|_| Additional information $1.00 (retundable} 

NAME 

ADDRESS 

CHY — 


-SIME — AP 


BUILD ROCKING HORSES! Size 25" x 
46", Plan #245 is $8.00, Size 35" x 58", 
Plan #400 is $10.50, postpaid. NY resi- 
dents add tax. Armor ucts, Box 445- 
FC, East Northport, NY 11731. 


WEARING APPAREL 


LIFETIME BELTS No Buckle No Vel- 
cro—Smooth Look Fantastic for all Work 
and al] Play. Unaffected by moisture and 
ails. Send size and 38.95. Black only. Free 
Information. IOZZO INDUSTRIES, 181 So 
Main St.. Attleboro, MA 02703. 
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Product information 


Booklets, catalogs, and folders listed below provide reliable information, illustrations, and specifications to help you in planning the purchase 
of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling fee. For your safety, please do not send cash. 


801 Power Equipment This color brochure 
from American Honda Power Equipment fea- 
tures its full line of lawn mowers, riding mow- 
ers, lawn tractors, generators, pumps, tillers, 
outboards, and snow throwers. Specifications 
for each model are detailed. Free 


802 Outdoor Storage A 24-page color 
booklet from Arrow Group Industries gives tips 
on planning and purchasing storage buildings. 
The literature includes photos of the various 
Arrow models and ideas for creative usage. 
Free 


803 Automotive Products B&M Automotive 
Products is offering a 12-page mini-catalog, 
which includes a wide range of heavy-duty 
and performance automatic-transmission prod- 
ucts, shifters, torque converters, and super- 
chargers. 25¢ 


804 Aerospace Apparel A Blackbird Inter- 
national color pamphlet illustrates its collec- 
tion of silk-screen T-shirts featuring electrifying 
aerospace designs. There's a toll-free num- 
ber for credit-card orders, and a 100-percent 
money-back guarantee is offered. Free 


805 Computers Specifications sheets from 
Blue Chip Electronics give detailed descrip- 
tions of Blue Chip Commodore-compatible 
floppy-disk drives, IBM-compatible personal 
computers, printers, monitors, and expansion 
boards. Free 


806 Binoculars A fully illustrated brochure 
from Bushnell, a division of Bausch & Lomb, 
describes the company's line of binoculars, 
explains terminology, and provides technical 
data. The 32-page brochure offers a selec- 
tion of Air Force-style sport glasses with im- 
pact-resistant lenses. Free 


807 Redwood Decks — An eight-page book- 
let from the California Redwood Association 
provides information on redwood deck con- 
struction, including beam, joist, and decking 
spans, and nailing and finishing tips. 50€ 


808 Diesel Equipment A full-color bro- 
chure from China Diesel Imports gives a vari- 
ety of sizes of diesel-powered generators, 
tractors, and marine engines. Tips for quiet 
operation, prices, and specifications are in- 
cluded. Free 


809 Traffic Radar Information from Cin- 
cinnati Microwave explains the principles be- 
hind traffic radar, including limitations that 
can result in incorrect speed readings. The 
literature also details the Escort and Pass- 
port radar receivers. Free 


810 Outerwear A 15-page full-color cata- 
log from Columbia Sportswear features its line 
of quality outdoor wear. Skiing, hunting, and 
fishing apparel are displayed in a variety of 
styles, sizes, and colors. $1 


811 T-Shirts A pamphlet from Cotton Ex- 
pressions illustrates different types of science- 
related high-quality T-Shirts. These designs 
include renderings of Halley's Comet, Leonar- 
do da Vinci, and Thomas Edison, and are avail- 
able in children's and adults' sizes. Free 


812 Novice Tuneup Leaflets on Encore 
Electronics’ new products show how you can 
easily diagnose your car's ignition system. En- 
core's pocket-size testers are compared with 
large screen analyzers. The leaflets include 
illustrations and specifications. $1 


813 Small Flashlights A Mag Instrument 
brochure gives full details on the line of bril- 
liantly colored mini-flashlights. The company 
also includes information on the Mag Char- 
ger, an anodized aluminum rechargeable 
flashlight that has an adjustable beam. Free 


814 Wood-Finishing Tips This Minwax 
booklet describes how to beautify and pro- 
tect new wood and restore old wood furni- 
ture. The literature contains a color chart and 
photographs, and provides the names and ad- 
dresses of Minwax dealers. Free 


815 Discount Tools A 124-page catalog from 
Northern Hydraulics offers 20—50 percent 
savings on gas engines, hydraulics, generators, 
pickup accessories, trailers, air compressors, 
power tools, and much more. Free 


816 Log-Home Repair Perma-Chink Sys- 
tems offers product information on its seal- 
ants and coatings, and application tips that 
would add beauty to and increase the com- 
fort of your home. The waterproof, mainten- 
ance-free seal is applicable to all log struc- 
tures. Detailed instructions on preparation are 
also included. Free 


817 Red Cedar Sidewalls The “Wallbanger 
Pocket Guide," from the Red Cedar Shingle 
& Handsplit Shake Bureau, contains step-by- 
step instructions for sidewall application of 
red-cedar shakes or shingles. This guide lists 
other brochures available to aid in using cedar 
on roofs, fences, and planters. It can save 
you 60 percent on labor alone, claims the 
bureau. $1 


818 Electric Starters Specialty Design il- 
lustrates in its color brochure a variety of start- 
ing devices that can be added to your power 
equipment for quick, effortless starting. The 
Spin Start system enables most popular en- 
gines, such as those from Tecumseh and 
Briggs & Stratton, to be started by using a 
Ya-inch drill. $1 


819 Dependable Power A color brochure 
from Ultimate Survivor of America describes 
its R20 Power Cell. A guaranteed dry-cell bat- 
tery that can be stored in extreme heat or 
cold for up to 10 years, it activates with just 
a twist of the cap. Free 


820 Boats Water Ventures' color brochure 
gives complete information on its line of 
Toobie boats, which includes a scratch-resis- 
tant glass-bottom boat. A variety of custom 
designs and specs is also outlined. Free 
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POPULAR SCIENCE P.O. Box 322, Dalton, Mass. 01226 


Note: PoPuLAR Science Massachusetts address is for Product Information only. 


Please send the items checked below. | am enclosing $1 handling charge (any 
number of items per coupon) plus amount required for priced items. Orders will not 
be processed unless accompanied by the $1 handling fee. Do not send cash. 


[] 801 O 805 1] 809 .J 813 L] 817 $1 
[1802 O 806 11 810 $1 O 814 (| 818 $1 
[] 803 25¢ L] 807 50€ L] 811 i] 815 L] 819 
O 804 L] 808 LI 812 $1 L] 816 L] 820 


Name (please print) - 
Address 


City & State 


Please send check or money order made out to PoPULAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 
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THIS COUPON EXPIRES OCTOBER 31, 1987 


| AM ENCLOSING 


$__.£. for priced items 

g____1.00 _ for handling 

$__ ££. TOTAL REMITTANCE 
Zip 
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! I ONLY WANT THE BEST.” 


INTRODUCING SIERRA: 
. THE ULTIMATE PICKUP 
FROM GMC TRUCK. 


You demand a lot of your 
possessions. 

To fit your life, a vehicle must do 
more than simply fit in your driveway. 
Now there's a new truck to meet 
your highest expectations — and 
exceed them: Sierra, the all-new full- 
size pickup from GMC Truck. 
Full-size outside. 

" Sierra is clearly a new concept in 
pickup design. But it's still a full-size 
pickup designed to do a full-size job. 
There's a choice of 61/2’ short-bed or 
8' long-bed models. And the long- 
bed can still accommodate a 4' x 8' 
sheet of plywood between the 
wheelhousings. Complementing the 
room is a big choice of powerplants. 
The amazing 4.3-liter Vortec V-6 
engine is standard (except on 3500 
models which feature a standard 
5.7-liter V-8), or you can select from 
a wide choice of available V-8s, 
including a diesel. Thanks to elec- 
tronic fuel injection, standard on 
every gasoline engine, Sierra offers 
instant starting response and out- 
standing over-the-road performance 


— all the power you need for full- 
size jobs, like towing. When properly 
equipped,Sierra can move up to 
19,000 Ibs, including itself, passen- 
gers, trailer, equipment and cargo. 

Yet, with the available five-speed 
manual overdrive transmission and 
Vortec engine, a two-wheel-drive 
Sierra is rated at a thrifty EPA esti- 
mated MPG city 17 and highway 23. 
Full-size inside. 

There's room for three adults 
inside Sierra's handsomely appointed 
interior, and even more shoulder and 
leg room than previous full-size pick- 
ups from GMC Truck. And Sierra's 
advanced aerodynamics help enhance 
its quiet, comfortable ride. 

Built to be driven. 

Sierra features a new independent 
torsion bar front suspension on 4 x 4 
models, and a newly improved two- 
wheel-drive front suspension. And 
there's a new standard rear-wheel 
anti-lock brake system (operable only 
in the two-wheel-drive mode on 
four-wheel-drive models). The Insta- 
Trac system on four-wheel-drive 
models allows convenient shifting 
from two-wheel to four-wheel drive 
without stopping. When you take 
the wheel of the new Sierra, you'll be 
driving a full-size pickup with han- 
dling as advanced as its looks. 


And Sierra has a warranty to 
match. Every new Sierra has a 6-year/ 
60,000-mile warranty on the 
powertrain and a 6-year/100,000- 
mile warranty on outer-body rust- 
through. See your GMC Truck dealer 
for the terms and conditions of this 
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QUALITY C OMMITMENT PLAN 


limited warranty. 
Built to pass your toughest test. 

If you're satisfied with only the 
best in life, buckle up and visit your 
GMC Truck dealer. (You'll find a list- 
ing in the Yellow Pages, under 
""Truck" or "Automobile: 

See the new Sierra for yourself. It's 
everything you expect from a GMC 
truck. And like nothing you ve ever 
expected in a full-size pickup. 

Unless, of course, you expect only 
the best. 
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IT'S NOT JUST A TRUCK 
ANYMORE. 


g Ultra Lights 
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SURGEON GENERAL'S WARNING: Smoking 


© Philip Morris Inc. 1987 ^ ram 
Kings: 5 mg "tar; 0.5 mg nicotine —100's: 6 mg "tar; 
0.6 mg nicotine av.per cigarette, by FIC method. 


Causes Lung Cancer, Heart Disease, 
Emphysema, And May Complicate Pregnancy. 


